

r 


vMi J J 


ayid&l stimuli (gJijii uwi 


cui LOifJI cwUall 


.4 lull IAjjSIj ASUall £jjj| ^Al 

(Vu jih^ll rlim^tll 


oXui£Vl Cj^frLaj ^j-4 AiUailj A jjLai£J| 4jjU4l (j±i Jjt j!a]| Jj aall AmIjJj ^x!l 

JtjSiVlj 

Jljl>yig ojjuulS^I OMclflj 


Jfilij Uju» <lkl4l jj±y\ SjUil ,J) ^Lblil41 Jl >41 dAl Ujfl 

IV 



Zn 


Zn 



Zn 2+ (aq) 
(aq) 


Cu 2+ 


Cu 2+ (aq) 


Cu 


: olgJaiJI 

(jjll! ^ ^_3 >a a ^ ia. ^-» ^jjlaC-1 

: (Ua>iUJI 

. U^J^' 4 ^JQ v^» C—LujJJJ ^ ^Ualt p j 

(jijjiii ta j^jUJi (t) 

(jLiji j_jj jj-Ul ^^_c. Jj jj -ii o 1 -^' cjUjj^ (jjb uM ®jbal <4_b j^l^l b) (f) 

.U^J^' 

Jl jSilj J^U2 djj^ : glimuHl 



JULU4J 
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r 


a JL^& 

o,i auSSll d_JL^ 

♦♦ 


J UJ>^V UJ^' j' 

jl aJLoiSI Ai^judll S^Ljj L^jc. 

4. Wxdlt ^9 

j&l ji Cjjj^y dJl\ ji Sjill Ha U*C 

l_ya ’« j ji A-±i. 4_iiliill ^^3 Slj j l g ir '- 

IUU! 

LJ2 > j_5zl)l 

(Cu 2+ ) UJ^' <-£ 

J c-lill C_fl x^aj (j a kl(^ j£Jl 

(Cu) ts-i] (u^j^' 

lx*-a^)baJl 4 ^ic* C 1 xjj^)JJ (^iSl 

U^JJ— (Zn) OJ— 1 ^ajU. S J j J_£ -i-aaj 

lilji tjll! (Zn 2+ ) uj«' ij) Jj=^j 

c J-* J-^“J 

Jjl^ll 

Jplilll 

Pn 2+ i 'V - Reduction p o 

(aq) "■" ZC ' (s) 

ry o Oxidation y n 2 + , o~- 

ZA1 (s) 7 ZjlA (aq) 

jLplflll)l il^Ls^o 

7n° + Cu 2+ > 7n 2+ + Cu° 

ZjlA (s) + (aq) 7 (aq) + (s) 

J& 1 JpUiJI 

** 


: n lilnliJI I iUhl l 


ilgi 


J ((LjJlnJbJI LilUU 

V # ♦ # 


JLjuo) JUJb (LaI> 


rtjjollol 

(-)pS(+) 



1.0 M Zn 2+ (aq) 10 M Cl|2+ -" 





1.0 M Zn (aql 


1.0 M €u 2+ (aq) 


j' <-4 aa ) U^J^' jla t> £ jl ^ j^' 

Ajaj J j-La^ CIlJ jjl&Jl ^3-3 t4_ilaJl <^-9 C-ilLuJl L jJaklt jJfc j (Anode) ^ 

.(ZnS04) u^Jnl' 

** 

C&aJ±l\ 

3 Jjlll! ji Jai^-allj (cj^Laul) l_Ja3) cJ 11 ' **• all jls ^_jl ^^Ic. iS (T^jll (j- 4 eU! 

3_a.! J jla^ cy <iyl. ijjj^l) ^ c<jLl 1I ,j^l! LjJaill j& j (Cathode) 

.(CuS0 4 ) O-h^l ^11 j4 Jl. 

** 

^jjjj^ll cjUjjj£ ; Jiq csA^jj^] J>^-4 ^ (U) j ^ 34 ' 

tjjL^ii^ll jjjUVI C 5 -S a_jLkll cs-1 >1^ ifcH <_)^>j^4 (»j3j (Na2S0 4 

4 ^ 0 \ — \ \ 4_iikJ| l \\ UkS j ) Vj A-ilaJl ^ix^J ClAj jjS ^ AjU jj) (Jc-liS V cilia j 

^uxiai 

.<4kll jjj Jj^ajalb ^ jL 

tills 14 

4 ? 
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a i ' ■ ^ H »LlaXJI 


jjl^l V LJI 


: ."ill rlnillg J loiiiill 

•Lfi jjj* J ^ 

; LajS 4-il^JI ajiA ( ^3 ClsdLaJ! 6 dui£“j ! dj^C-Lfij * j 9 

: (jgtfl) MLwoaJI Ji£ @ 

• UJ ‘ ^ _J' ^ Ajla. c __.S a. ]| ‘ _ 'Via^ a Audi <_Jc.Laj dld^J — 


Zn 


Oxidation 


Zn 


(aq) 


+ 2e 


did 


. JjLa^l ^-3 i-Jjiij cKtij — 

e-liod^l 4_iLaxl A ^ j 4 iW t a.^i ^3 ^ j.j ■ ;IA.Vi Clilj^islS jl Jij)j — 

.(J"' ^ 21 A d-s. ( a. ^aj dL-Jl ^)JC- d^auj — 

: (JaiDiflJI) jgjlfJI Ji£ @ 

A_ili. <■ Ak^aj ^ dlU jjj(£] (J1 jli.1 (Jc-lij — 


('ll 


(aq) 


+ 2e 


Reduction 


Cu' 


dii] 


.(_yiUj]l Ajlk I_i^aj (Cu°) Cl )l J 41 a & Jo ^ „ u 1 J <- % LLuaJ Jj*j]| CIjIj jj! i_ ljJajj — 

^ill) ^JjuiaII ^J-iJl JdC- ji ajUVqII jic . Adlk L J| CIjIjJjAII CIjU jjl 4 Vn _ 

^A-L^IaII S Jod^ll ^jAj ^ Jj 

# 4alkll J**Vi J jWa J A-JLuJIj Aj^. j^ll CjUjjVI JUS — 

I I i 1 f M M X CohJI J£JI JnlnUI ( 3 ) 

H 


OXidation 


Zn 0 + Cu 

^ n (s) + ^ (aq) 


7x\ +Cu° 

n U (aq) + \ U (s) 


Reduction 


(u>Ub cUiuil 


? J 1 ^' (> J** ( ' ) 

( 2ld + . \ CLoj (jjLajll ClAjjJ L_U ^ali Ladjfc jl LaLaJ Zn°/ n t_iLa Ladic. 

(aqj * * 


? 6 jidiil 4 jla*\ U (T) 

.Sjdlli JJC- AiajiaJ AjUJI tlw (T) 

SCjud^Vl Clj^^lc-lil 4 -V n *t 4 akJ) ^ C 5 “^ A-JLoiSIj ClAj ^ 2 ^ 

<( ^J) ^dll CS^ (J 1 ^ ^ ^ ^ L Qk ^ >,<1 J .aJl 4 ak (. Q 1 


? 4 A w Sj]aySi) ajia ^ cii^j )jLa 

^jUJ) cilLJI ^ JJJ^ JljlkVIj Scxu£Vl cJiSjj Jl 

# <jUJ| J^a J (jdJ Jj-ajaII 










4 jJ 3 cJi jo JuolflJI JlpJI 

: _> dif- jo2->3 

.4jl£*LU OjJalail d]\s> // jo jl^Lo j\loo>- 

.(^yaLu-U ilb> : 5 ?lofl.Lo Jai> 

♦♦ * ♦* ^ 


Electrode Potentials ulbiiUI Dgitu ijuLlo 


H 2 (1 atm) 


dU£r[s>\ iiqjjl 

** ♦ ♦ v ♦ V ♦ 


1 M 6 * 5^3 HC 1 

joMJI dj^ccfiLO 
jO^Lj olksLo 



* ♦♦ 


(SHE) ^LaJI 

: Jnoll 6 j^-.n 

Jjjall ^uLiSl a jjJuLxoj B.iSj>s 4jjj jla .l^jJ V 
4jl_i ji Jjk^j jis grL>$^' ■^' is* 

4 jj\ oW\l 4 
• ♦* ♦ *♦ 

4_uUkJl 4-A±l\ </«*$■*■ lj±i L3J^' u' U^- ^ 

‘ 4 - 1 ^ J ^ 4 _uAJ t>l*J 

gA_^_^. ^jjA-JiS A ■- > U&A^I A y\ Q W 

f djjlii ^a- ji sAaS J^.VIj 

l ^-Lqj ^4 A_g_^. j 4— likil A— A-jl^IaII S 

^ ^)jc. a^ ^ c _ A jua^> 

: ^ 1 -LiJuj^l 


^jl*^ll jjc. <_£ jA^I j-^aU*Jl t-jUaai i_A-3j (ji grA^' S^aS f-laluiJ 

Zero <_s jAj 


U^-JJ-^' j^- U-' 0 WA- JJ-^J <i4aj alLi-* (lcm 2 ) c> <^?^a 

.C£jS <_£ I (j* (1M) c£ J-° -^J Jjia-a ^ a jjax^j 4x*ia ^tj) CIijIj Ja a, ^ CuaJ 

Pt.H2(latm)/2H + (lmol/L) : j-jojJI 

H 


? Zero cr*A411 o^jjJ^SI uJafl ^ jU-u ^i* ( ) ) 

1 atm jAj (H 2 ) >=• (l) : u 

( 1 mol/L) (j jail (j^aJI jj£ ji ( 2 ) 

^ Zero *-*£ V J±» (t) 

jUl jaJI Jai-Jall jl Jj-k4l (H + ) 3^JJ c^'A' U^-JJ-^' S- 1 -^ ^ 

.Ua!>1£ j\ 






jrilioll g njfM^II ng chill n liiilm 


AjujULg A-J^la^Ulj A-J^jill C_flL^ajV (E°) A^juAjS]! A-nJa^ll J ^ .aJl (JjAjS $.LaLl 1 I (j^A 

U^JJ^' AaxxAi 

cujjmiJl 39 m* Jl cUmluj 


# A_JLaJl (Jl ^ ijfraJ AjjouIIj LJ jUj i»\l c - lii jj ^ 

# Au^> j^ll (Jl jli^VI ^ AjjouIIj Ljic-L^aj Jj^alixil l_ujjj ^ 

4 jiiA jo\l (Jl jlkVI ^ AjjuuHj tj^C-L^aJ Ijjjjj Wll l _ lii JJ 

.A^Ull SAjuiSSM ^ j£ > L-jjug^ Ul jlli IjJJjJ Jx-salixll C - lii JJ 


(JljA^VI ^ j.^.>1 a_j^> j-^l ^ 4 -ill j-^l j t<LudLuJI ^Jc.1 ^-3 (Jlj^-VI ^ j.g >1 aJLjoJI ^illl j-^l (jj-^5 <A 


l_L2kJ 







^aiLcflJI JLuaS'LlII 
♦♦ 

l£jO LeflJ 1 (J 1 A^i> 

♦* 

(jLS2jka>o) 


A 

+ 3 

- 3 

(JjIpcjO JuoIp-) OJUaSl 

♦♦ ♦♦ 

B 

+ 2 

- 2 

lk,Lij 


C 

+ 1 

- 1 


0J?3J^ 1 

H 

Zero 

Zero 

(i^°) ^ IS 


X 

- 1 

+ 1 



Y 

- 2 

i+ 2 

tLUJ Js! 


Z 

- 3 

+ 3 


; La ^ Ls 'V M A £)^Aj B (jjLuJl ■ jli!-' (J^JUdll ( J-Q 

♦♦ ♦♦ 

* AJUIt CjIa^JI L^J aLjUI 4-a$ a ic. ( *Jj ^1 jx^aLixJI 5{c 
# ^A-iji^ji jai^ a-iJLuj jSsi jijiki j cijii — 

t ^4 j Jl 111 Jjj|^ A-ljl^jj Jj£l &Ajuo£I ^ ^ Ajli — 

.UaL iS jjSI- 

(Jx-lij ^_a (J^.Aj LgaAc. <1 juoj L^jUjjjill I^jV S Jl£ ♦♦♦ (a] j^j^ij Au^llij^ 4 JjS^a J-aI — 

.a^jj^SJI j j^,>ll <LudLuj ^k <J1^j ic. (jl AjU jj! ^ 

j nUWH LJ}Lk]l ^ (Jjuaa) j jjU J-a*j — 

; A-JUll AjlL^all l^J ALudLudll iJ liuA\ AjI g ill AiC. ^ ^1 jj^alixJl 5jc 

t ^A,j JLjj Jal) A-ijL^jI jj^I (Jl jlkl ^ Ajli — 

# ^A-ijL^jI Jai^) A-iJLuj jj£I 6Ajuo£I ^ ^ dili — 

.Ualdu JSI - 

^Jc. ^>-^1 6jAa Ajli L^lV S J if ♦♦♦ (^aJ (J^j-^-j^ 6 Ajjo£^a J-aIj^ I 4 J 6 AuuSLLaJI djj)^^I — 

> Ajj^£JI ^ ij^-aJl AJjudLuo AjI^g (Jl^j (_^l (Jc.lij (J^.Ai LdAlc. AjIjjjj£]| l. A juA£I 

.^ULJI U^UJI ^ (ki^A) J jjI£S Ja3u - 


: j^jllsdJ SJu^IaU 8jj)^aJl 

{ Js> OljJLAil 1 ^x 9 0550 ^i)l oj3j£i)I 

♦♦ ♦♦ 

L^jj 5^> <3 OljJi^UI J5S03 oL^jI ilxA 
(F 2 ) OlxJjj^ JAo 4j jVilxJI 







AjlJI aIj j ^_9 Lg.jVi ^_lJl ^J-J^al-ixJl (J_^A ^LuaLuJ! ^_9 4— aAilL&II ^j^sIjjlSI 5{C 

(J^Vl ji A-uILuj iSVI 7 - ^A^ ^Ail&It SjAS CIjaI^ Lol£ L. 

^A-1 jL^jI j) 4 -uILuj (JsVl ^ 7- jA^ ^^>\9 \\ A^)ia 

gA OJf JJ-*A' ‘-‘AA (A- (A 5 A jA' ^J$A' Aiui A U^-JjA' (JjS £SJ <jA\ J^ali*Jl £J^A i{C 

.(u^JjA' jA (/i) 


tiLj AS j j A j^ W jJoai. ^w<4 AjA^JI (Jc-lij * ^Jt H A 


| Oxidation 

Fe° (s) + 2HCl (aq) 


FeC 1 2 (aq) + ^ 2 °(g) 


Reduction 


J^LaV! J^j J_A' Jl j (S^uiSVl .a+A A A' 2ujil! CjjI j j!) JljSiVI .a*A ajIUI AA' j AS ijc 

.u^jj^A' <-A> 

jjA-i^Jl Cl L^J £-£j ^Aill — (4JLudll SAluSVI A CIjIa ji) A-i^. A CIjIa ^)j^alix]| 5{C 

a cjUjJ cA» cA ji jA v — AjA^' jj$A' aLuLu a 

# Aj^. ^< a jj 4 -JLuj SjLuj] Aklj A_ilk 1 ^jujLiS]| Ag .aJl 2$C 

A ^-SkJ c_fl^)jtj LjA A^jsJ) ^jLs Jl^lkl A d^c. ^jc, SjIjc. SliLc .aJl 4 -ii^ L ^9 (Jc-IaiH (jl£ — 

U^JJ-^A' ^ gA A^W (E°) J^' AA <■ « J' (E°) e g <J' j-J^-Vl 

I 1 \ 1 : J^iaib ^ ja~j (- 0.76V) 


Zn 


(aq) 


+ 2e 


Zn' 


E°= - 0.76 V 


oAjoiSI <jLaC. IjA (Jjaj cilia. a atl t ^ S jUl! ji ( j jSq y^oxJl .AxaSLui ^ n j£lj — 


Zn' 


Zn 


(aq) 


+ 2 e 


E°= + 0.76 V 


: (uildJbJI LjilaJU (E ce „ adbJI im>) emf (UjjmiJI ocdIjJI ognJI olm> 

• (_e.lA.lj ijlilaJI 4_iiiil A_u ja^JI <*3^31 o ‘ '' 1 il^ 0 

• ♦♦ £ ♦ ♦♦ ♦ ♦♦ ♦♦ ♦ ^ V ♦ ♦♦ 


JjjI£]| (Jl jjA,^ ^ juiLiai' -^-A^ "I" (_g. ■ jj(-A' ^Al 


J j5l£ll Sal^SV ^UjSJI o^AI _ jjiVI ^A' 

j jiVi jijsiV ^uii ^Ai j jSisii ji jiiV (yy-uii ^Ai 1 <^ 


^UiWt i .jail 
emf 


: (j\ ia>iU 9 

\ A Aa c a.^i (_JiLaj t _jA * jl A' lA^uiS'u ^ A . j a d-N. \l t 

jisliii AjIa. (. Ak^aJ (_]lLaj i ja S*'i ) _jA ^ j. jl A' IA^ ''^ ?~ Cj^i ^ A ti l -^>- 

.AjUIa a_A- A ' s ^a I A o (T) : (Eceii) emf A A 

'^AA^a a 2 a. A' l^s a di . ,. (2) 












r 


JJ 



r (i) 

^ J IjVl J ^ ( 0 . 6 V) 4 ( 1 . 4 V) J IjVi s+-£i ^ u' 1 jia (B) 4 (A) 

? V ^ jl_JJ l.-^..lc> jAj^aJ (Jjfc J lAjl'S.ll Ajl3IaSI S jill L_Lai^.l 4 jil^lSl ^jldll j 4 

? La^-Lq jj jl O^^-) 4-ll^il V I Laj ? liLA J 


Ja)\ 


(JX^a) Jjj’l C a+j£Vl ^JcJ C 1 . 4 V = (A) -^a 

(L^a) Jjfc c s^sVl ^ ^ JSl c - 0.6 V = (B) 

(B) JjjISII oAm^S •N — (A) -^jjVl a-WSj ,*ig a = (emf) “eu^^ll AjlsI^II ajall 

emf = 1.4 - (- 0 . 6 ) = + 2 V 

ca-Stali Je-UsJ' u _£4 (emf) ^ jV ‘g^j^ J+ 4jii4l e^> Cf- J-^J 

A / A 2+ // 2 B + / 2 B : ^^—Vl >* Jl 


( 


A-ulil: 


♦ 



f (2) JL^a 


4JUSI JUjU 4_iia (jk 



: *- 
• *♦ 


Zn 


(s) 
2 + 


> Zn 


2 + 


+ 2e 


Cu (aq) + 2e‘ 


(aq) 

— > Cu° 


(s) 


E° = + 0.76 V 
E°= + 0.34 V 


.Ajlall -.M !-■ Jl 4 4 - 4 ^ (emf) A*iUl a JJI <Lu3 1 - Xuaa 


dA)\ 


(A j3l£) ^Uill j j^l) SaiuoSi a-Aac. djj^. j Sajuj£VI cLlAc-Uj 


** 

^JJ 


(qj)I ^ ill) J Jl jlal ^ + (gj+^jIASl^ a-lmSj Jl^a = (emf) Ajl 9 I.} 1 I a Jll 

emf = 0.76 + 0.34 = + 1 . 1 V 

Zn / Zn 2+ // Cu 2+ / Cu : VI >* Jl 



Ag + /Ag ‘-A ** j Sn 2+ /Sn S- 4 a 5 4 j jla Aajlila Ajk 

( 0.8 V) 4 (- 0.14 V) J\ Jll ,> A-Jaill j j*i^Sll o- J£I ^Uil Jl jSiVI ^ J I j) 

.<^ 0 — VI > jll ±d\ ( Y ) jUUI JUSSI sUSI J±aj I 4 S (emf) ' ) 


Ja)\ 


(Jju^a) jjSi C JljSiVI ^ ^ J_si C - 0.14 V = (Sn) J' j^l ^ 
(L^a) jjSl£ c jl JSiVI c + 0.8 V = (Ag) iill Jl jiU 

^jjV( ^ ^ j3l£ll = (emf) ajl^UI s jill 


emf = 0.8 - (- 0 . 14 V) = + 0 . 94 V 

(SAjua£) ‘N (JaS?l) AjJa^l) (SAjuo£I ^ic.Vl) (JlSlil oL^jl 

Sn / Sn 2+ // 2 Ag + / 2 Ag 
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r 


vMi J J 



f (4) JLJLq 

? Ajjiiit — j%sii ^ <4 ^jjini 4jUc> ji^j JpUsji j& 


Cd (s) + 2Ni 3+ (aq) 

2Ni2+ (aq) 

+ rd 2+ 

+ (aq) 

UAXuoIt ^jLj 

Cd 2+ (aq) + 2e- - 

-> Cd (s) 

E°=— 0.4 V 

: £)li Ldfr 

2Ni 3+ (aq) + 2e- 

2Ni2+ (aq) 

E° = + 0.9 V 



c^J\ 


** 

^JJ 


(AjjIS) JfLdll (Jl^jkl J (A^jI^ ^a jJAAlkll SAjuk) Aa IaC. Cl) jA^> (JolillSl ^ja 

— 0.9V — a^ + 0.4V = ^ jj-^cl£ll sa^uSI a^ 

(A jjl£]|) jLlill SAjuo£I A^ •> — (AjjVl) ^ jAAAlkll SAjokl A^a = (E ce n) 4.j\k\t Ag •> .*. 

emf = 0.4 - (-0.9 V) = +1.3V 

• ^ .-. (Ecell) V 


djLiU]£b^JI doltxll ^UJIg djulolxll UUill 


; ^1 AiUall l.g.Uc. 4juJ*a\ Ixjj A-CliLzJl ^uujjgj 

Secondary cells <ijj^ 4LU (2) Primary cells “C j' 9^ (I) 

_^jls]j a.lm£l ( j»a l^_}3 Cl J-la. j La _JLL^. i 4_ij^)^£]| 4jUall ^clill) 4 .alVii 

r J Jr m A : cuigiii uilxii 


llgi 


oJg^l UiliJI 

♦♦ ♦♦ 


(j-A t^LSi j A-SLla ^-11 ^a j^-U( ACc. ^j^aj J A-ALloj^ A^Lla ^9 A^Uall (j^likj 4^alaj] 

<( ^jujI£juI (Jl^lkl — SAjoiSi (Jc-lij (J^lk 


? (jP A-jI. ijVI bit^t ufl2 jjj 

Jo_l£a 1 . <j 1 ^. l q x ^ i ClsU i_jjl L-jjCaJJ jS ■>» SaIa (Cll^A x C l IaAIc. 


: cvjjg^l UihJI ol jjuQuo 

^L^iixCul *Ull SAa! IjjIj Eg.'N (_3^A Ci) 

. ji^al 4 -ul£J ( 2 ) 

$ Ji£ ... 4 ljlu< CLuiJj 4iU. Sj^ua ^ ( 3 ) 

t 4.WnA\l 4 ^ Ijk-sa jj^g^ j 1 ^-aIa^ 


I-sCujj 





Cl LujJ 

♦* 


S Jl£ ... 4^UJ) CjLjUoAj AJjVI 4^-^ujj 

3j AiL^. S^)jj^a 4 Vcv;.\i L^AlAklLujV 


JlJLJlJl X) 

r r r r r r 




: ojggl UiliJI oqjlc 

♦♦ ** ♦♦ ♦ 


$ JlC ... AjiLSxj) jjfr b5U. AjjSfl t£laJl 

Lajj (Jj (LpL^alial ji LlaC.) (J&^y Cilia. 

aA>M I <JbJI JI 


l_§ju gLa ojLc. I ^ la. Ci o^Lc .1 (Ji^ILuiaII (_j_a ?tj 


Fuel cell cJJ' 4 -ib. ( 2 ) 


: cuJgi/l UMiJU OjL>igjai ^ jui Jigjuug 

Mercury cell 3 ^ J' (T) 


: <g_pjJI 


« 

( vijl ) vjryojli^ 


JU-wxS^ J JuJb 




boO '*&■[&■ 


Jjb 


3 )-« c_ 9 Mc- 


c 

t yj I J. - ..W I 

( ^ 15 ) 0 ^ 1^13 

J II m ■ : OUg^nJI 

& I M t> C aILuj C jjj (T) 

.<jbJ' i> s-» La : ( 4 ^) yjb ( 2 ) 

t> : ^jj^! (3) 

^L- iL. ^1' i_£Uu ~l j a ib ^ j ijj^ jl AjjA Jc. 9! ^_sl jL . ..I t<r 2 ■ L : J C iV 1 1 1 

: p\ s aJum ^l 

• ' 3 '*?■ ^ 1 ^ 1 JJLC ... jJjj-alilb 4 . ^.1 A. II di^^l j dilc-luill 5 I 1 “ 'I fcl ^ (Jjjj 3 ^ ;b ■» -ibli . jjj 

Eceii = 1.35V : (ujjxiiiiJI widIjJI ognJI 

^»^aJI a jii^a : OljlCLttJI 

A-abu ibLa J& j (3b JI Jc- jlbli IgjV S Jlc ... 4-bl AijjlflJ JjfU^ 3® U^bbll ^ jL : ogjLfiJI 


: ^JfJI J CloIJI 


Oxidation 


Zn' 


(aq) 


+ HgO, 


ZnO fs) + Hg' 


E ce u= 1.35 V 


Reduction 







r 


vMi J J 



ag_OgJI n JLiil 


cn 


J\ ij-a <0> 


2H 2(g) + °2(g) 


> 2H 2 O (0 + Energy 

^1j c_fl C—L^J (Jx-lilll lAA $-1^)-^.] $.LaLl]| 

j5 ^11 A-iLkj c_i^)xj Lo 

: nJul£> jXII 

b_fl $.lc. J AilA l£ (J4±la3 L)^ ^ jll 44 k 

5 Jlc- ^qLu>la 11 Jjjjill c> * * 

J j j 3 ^L2k,.ll ^jj j (Jl jujj 1 

■ li- t ^ jjJjA J j . U * LjJlc. j-j*j l— gj 


: cuBJI ojibJI OblclmJI 

♦♦ 

2H 2(g) + 40H“ (aq) > 4H 2 O w + 4e“ E°(Oxidation) = 0.83V : S^Vt >143 

0 2(g) + 2H 2 0 ( m+- 4e~ » 40H” ( ^ E°(Reduction) = 0.4V : Jl J31VI Jfrli3 

2H 2(g) + oL > 2H 2 o| E ceU = 1 .23V : ***» ^ >^l 

^«23V = Eceii (cxjUL^JI xqi>) djujibixll dfibljJI ogoJI 


: ol JjuQjQJI 


j.v j jj jj Lg-iV S JJLc ... Aqjl aU \l y j ja _jll ^ ^ 

C J|£ ... a-LjaiJI CjL£j^3 AauuJIj 4_iaaV| ^Jb IjjJ JjSjJI <uii. (Y) 

J A .■'«*' jJb j ‘ ^_3 ^».li U .D “'^ '.J U^° (T) ; t-ifL0J 

.l£laJI o^A > f ^lubJl 

A-ijiiSj d^Lc'l L^ic. *LaJI j-kiLa *iic- j A-.jl's ^ 2 ) 


: ogiiJI 

S Jlc ... jiVl CjUjILJI j^ySiX j 4iiyi j j^j v Jjajii u^u. 

# ^tj| ^11 S^xUjuai J l # ^ ' g 1 a £~ 



zzrrrri 

r r r r r r 
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: ajgjliJI UlioJI 


LULj 


ojQjlill UiLkJI 

♦♦ ♦♦ 


AJ Us AJy& A^UaJ) tA-ujjlSxj) w^IpLLI A^JUaaSJ) ^jLi 

.f ^Ua yll jjii Sj- LfrLjaJ U^J ta^'j 


? AjjJLjJt b^UJ) (2 )^^ SjI^) Lb ^ 
< l^ijjaj AjLc. (J-Sc. sUjI ^-3 IgJfLS jjj ^jU. jljj j' 


: c\j gJ liJ I biliJLI QjL>3gjoi } Jo jsd J)Qjuug 

Lead - Acid battery o 3 L-= jll LjjUsu (T) 

Lithium ion battery <» jA 4 J' uj^ LjILj ( 2 ) 


: Lead - Acid battery (ijljUiuJI djjlbj] riinn lTl! |_pLojJI ajjlbj 






CljljUaJl Aj^)LlaJ ^ajudb A-ljJa^L^Jl 4j^)LlaJ C_i^)xj 

CljbjUabl L- Ijudjj ^.u^j j ClbjUabl ^ IjlA JJ j b* 4 iV 


: oUg^uaJI 

^P|3 | ^-^iAjud] ^j^ab-sa^) J ^L<ia 4<ji nt • ^ ^ ^ 


(Pb02) (> a '- L ‘ a . jJl AlulSi jlii ^ j. iajtJ sc j^u-a ('j*a aSjjuj * ( ia. ^-a i 

(H2SO4) (T) 

/djtc. ^jLsj^aJ ^1 <_L*aSj j{C 

S Jl£... iihluj!)b]t jl L-lb^ll Jal ^ $.lc. j <•— ib i^£,bl ^jJa^J — 

m( J ± UJtfL j±L V AjV 

4 _ml 4 4 1 g jal b (LgJujij) juIS $.bj| Ajjbi^. AjJbabl (J-axj — 

,l^-la> juo Sjlc-I Ale. 







: Discharge g_jjA£JI 


2H 2 S0 4(aq) + 4H + (aq) + 2S0 4 2 - (aq) 

Pt>( S ) + S0 4 faq) > PbS0 4(s) + 2e 


OiLclru^i) 

* aAj1\ aJAjlaA \jla1 CliA 3 /jjllj 

• ** ♦ *♦ £ w** ** 

E° = 0.36V : auaJI & 

; Ja^all Ju& 


2 (s) 


(aq) 


PbOo/„\ + 4H + /„,^ + SO 2 ( aq ^ + 2e 


> PbS0 4(s) + 2H 2 0 ( f) 


E° = 1.69V 


; AjjLLlAI (Jc-liill aJAjla £J^)sAI Ale, j A j\aX Ua A^Aklt (Jaaj • Jc't&ilt 


Pb (s) +Pb0 2(s) +4H + (aq) +2S0 4 ” (aq) disch arg e _ > 2 pbS 0 4(s) +2H 2 0 (£) E cell = 2.05 V 

Eceii = 0.36 + 1.69 = 2.05V 
emf = 6 x 2.05 = 12.3 ~ 12V 


? Ajjauia jjfr jl 4JjaJLa AjjUaJl jl dll a j uL£ \ qm 

t ( Jj| j-joJI A-ilA^ (jA lLa^ A In ii I J j W ^ Ailj£ ^jjAAL Aj^jLlaAl aJL^. ^ic. lJ)^)jlAI ^jj 

A_91j£ dlls lilj 1.28 ! 1.3 g/CIIl^ A_9 \j£ aAaIS A_jjAaAl LaIi^. 

jj £ JJ e-ijjj t ja-u3l e^l&j <_4) AjjLLuII 4jaU- <_4 *j 1 .2 g/CHl 3 L> (3? <j3] I 


: charging q ^<»h J_clnj‘ (o) 


... 1 $ W *i Sjlc.1 <41 I^Iaj gjLill JA' 0°^ 4! ^ AjjUatl' 


^Jjuj 


A «j*A £J^}iA( A-AaC. ^tA-Al P-LAI A_1 a£ SjLi^J C LLudJ cA-LU^SA CHaaaJ $ Jl£ 

f II ll(PbS0 4 )IIo-^j^JI^](Pb)^Vlj(Pb02) 


V SjUuoll AjjUflJ (j^iu dj\*c. ^JJ 1 gj< • 

t>® C$411 4-$al' CH 1 ^4 jAi^All jUU J. 1 3jjlL2l t*lB 4$ 

(J ^al ^41 11 a ^^jjj 4la_Ul aljji ci-ia ^4^141 (Jcliill (_>u^c- cJc-lij cij.ia AjjI la4l 

LaS ( ( JjjLSii ) Jax^alt 1 ~' r - jll Al ,. ^jLj 9 ("j . x,»ti Aic. ^ 2 ( Ji JJ ■ ^3 4' CIiIjjjjS 

_AjJc. jl£ U ^ 4 ) Auu 


2PbS0 4(s) + 2H 2 0 (£) 


charge > Pb,„x + PbOo/^ + 4H + ,„„, + 2SO 


(s) 1 A ^^ 2 ( 8 ) 

anode cathode 


(aq) 


2- 

4 (aq) 


C J|£ 4iUa]l ^jj jail 4_ajliaJ J-<41) 4jjjllll Ij^Lall Jfial 5§C 

< _gll H j ^>JC. ^41 -Laj£ Jx-Uj l ^j3 4 j t 5- ' j-v t4_mlj ji£lj 4_ilaS (ja_ 2 all a-Liii 4 -axj AjjUaJI 

J^-4 ^4 t> 4i0all (jj 1 jll <4*J llA j j4 JJJ^ ; 0a^ljJ 

A_ul ■-»'< aalU 
• *♦ *♦ ** 

# (J jLj J jl Aj^)lJa dll ^pLAjj 6^lc.| ^)aJjola S^jjuoj AaIa^JjujV ♦♦♦ dj|^)LuAl ^9 AaaA) ^aIj, hlU 5{C 











r 


vMi J J 


Lithium ion battery pgmUl jgjl ajjlbj 


cn 


f3iV 03^ 


(-) 


(+) a^ISJl 


I 






■ i 



t 


f3^ 03^ 


(+) ^ISJI 


(-) ^ 







I 



<d_dL&_C- 


aojJLJJI (JqjI 4 jj 11 ol) 

\ Vh «* «* ♦ 


djAj^S- 


1 $ > « »-4c.] <& tjl£ ... <jj 4 j 3I 4^^' Cy> <aUJl f UJj' 

: pljLiiuuBI 

. 6 j$+\ (t) . Jj^Jl 6 j&Ji ( \ ) 

t Jl£ ... (J-aL-a jll dll jUxJI (_>a*J y4 (V*) 

. 4*>^1 ^LbaijJlj <alLJI a jjj£ dl_ui£ Jj ^ jlc- l$J j^3j jj 4iaJ 

: vJuSjUI 

[ I 1 \ J t Jl£ ... f jAjUl ^ f _*A41' ^'dJluil * 

| J jl* <-^1 (T) : ^ 

(— 3.04V) <_S J^-Vl dl jiall yJIJ <ljd34 J»J-aVl jA <^4^11 <11 jli.1 (® 

; j (_)£juij 4i ijiLa JjISj Aj!^j AjjUajil ^jAx-<i1I ^ 5 jIl^j * 

(LiCo0 2 ) ? jAjIM 4^' c> u^j : (^') ® 

(LiC 6 ) ? j&UI c> uj^j : (-^ 1) *1LJI © 

u-^ 1 t l ?-> 4I ^jj^iyi J jc. ^4^ <-U*j i. 4 n . > 1 ^411 ij* <4^ j Cy* uj^> ja j : (3) 

< \%L djU I ^AJUO J 4L_lSLalll 

(LiPF 6 ) e j&U» ^ j* jjjii ,> V ciij jjSl] ^ *£1511 Jj 15 jll 


: (UjUoJI Jjlquu Jin ojJIXII OilnlnUI 


♦ ~|| A 


LiC 


Oxidation 


6(s) 

C°0 2 ( S) + Li ( , + e 


> C 6(s) + Li* , + e“ = (ojoui.1) ^Dl Jclaj 


Reduction 


> UCo0 2(s) • (Jlj&l) J9teJI j£lai 


LiC 6(s) + Co0 2(s) , D ^ e ^ C 6(s) + UCo0 2(s) : ^Jl Jcliill 


E ce u = 3V : (ULkJU (UijniiJI (XflDljJI ognJI 


JUL144.1 

r r r r r r 





r 


vMi J J 


jdIiloJI J5U 

\ JIc 444 Ifr Ip uifiail 4 J J£Ij SjAllaj ^L* 3 &VI 

Lg_La 4 _jAjA^JI 4 ,j^oL^ j 4 ..uAx,a .\1 CIjLjuLIa]) ^)^AAj CAaI 4 _^.Ali 4 jA 1 >^ViM ^jLjoi^. ^-3 1 —DjujJ £jALx^i]| (JSIj 

^Ilxll ^-lUl ^jj ^Jl (JSIHI A^jjj A ijSLall AjA^JI jAsj 


♦♦ *. 


IjuuoJI 


Jajuj^Il 3*-^ C^ljliU ^jLloj£ (J£Ij 4, )l>aC. 


: iJSlUl qjl^jlH^jup 

Ia^. Liij IaI jg.AaJ lAj^aJ V AjA^JI t 1-IXj^o 4, (JSIj CIjVL^II ^3 -y*- 

.. ^ c3^J 


? L-iiu^I) ^jJIjlaI) J£Ij ljjluu jA La • (jju 

LlaLjudj (JsS 3^ (jl ^ (J£IjII A-AaC- 4 qV^-v ^ L-JjI^juj 1c* L3lA ^jjy^y 4-iC-LL^aII (jALx^all ^ 

^jC- Cl v W i dll jlilt (JSIj ^j( ^CllLuaj Ji ) (Alii C5 Jo J Jajuj ^1) Ia& ^3 JajuljVI 3^^ 3^-^ SaIj3 L - IIjujJ LlaLuaJ 3^ 

a ^> 3 j) UaLjudj 3 -^^ uj ^?3 AjjLSJI l3 3^-^^ 3 ^^ 1 -aa^j) 3 ^^ Ij^L^ 33 ^ 3^3^ 

t L iL^alt ^3 l_jjI^juj ^3 


:aJLnJlg uuJI JSU cii^JLil^JLP j/juni 


2F e ( S ) + + 2 ^2(g) 


* 2Fe(OH) 3(s) 


Fe 


^ Lo 
2+ 



I Jl^2J 1 


l 2 w (^) 




" 

wJo ^ 

♦♦ 

♦ f ♦♦ 

l^kZLS 






^ISJI 

+ °2(g)+ 4 e >40H (aq) 


2Fe (s) » 2Fe ( %) 



+ 4e' 


£_£A_ll j CALj jjSM (jAaju A_i3 l_jIAaII $.LaII 4jjI-^> Aa\~\ 3^^ jl 3^*^ AjA^. 4j3a3 3 a ^)*- 3 AjC- >Jc 

.ApaJl <*iaa jA Jj^4' JjA? 

; aJaIx^U Ijljj 3 jW^\l JJ AjA^JI CIjU jj) ^1 AjA^JI Ajuo£Ijj >Jc 

2 Fe (s) — 

Jjk4t qa t.j^ (Fe 2+ ) ^ j^' 


> 2Fe2+ (aq) + 2e ' 



jlujlj l; 

ririrTrir^ 
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( yUi J J 


(ji 4 V” (. 1 J. 12 JI ^_a jaII (j^jj£Jl <_jjI Jl (jjj'il) <*Ja3 c_iUj (Jiilj 

JjjSM (j-« (JS jjd .ijSJ -Ij-liJI A*Ja3 

(OH ) 4^jj4j$^ i ^j ai> > "^ J' Ate ^jj 

» 40H 


2H 2 0 (£) + 0 2(g) + 4e 


(aq) 


II 4i^ 4 ^ jj44 (OH ) 4^ jj4^' AjU jji ^ (Fe 2+ ) 44^' AjU Ateii $ 


2Fe 


2 + 


+ 40H 


(aq) 1 -rv ' 1 ‘ (aq) * 2Fe(OH) 2fs) 

III juji^ eUl! ^ jj^.xSfl 4jajoil jj n 4 jaJI ouj£ jj4ja QjoiSbj ;■$: 

2Fe(OH) 2(s) + 2 0 2 ( g) + H 2 O (0 > 2Fe(OH) 3(s) 

a 'KU 4_ljL*uiil aAjLuJI dj'i4L*uJl ^ ^ 2 j >j< 

» 2Fe(OH) 3(s) 


e (s) + 3H 2 0 (/) + 2 0 2( g) 


.CAUjjVI ^ us s2 s-iius dll x<s£ ^ic. ^ yd \ ^Lis]| C jlf AmiLtC’ 

Cl)Ll*£ S-l S Jl£ ♦ ♦♦ jSkAit dt-J-a L5^ \Aa<7\ 


/ \ 

^ -■ 





: Lk)l JuoI^jJI 

(j_>o ^8Lo8fl3 I3 ^LU jaAs^j 

(JjSL<xo j4^j ^aII ^Llp-jLpJI JloI^I 

H w ^ ♦ S' 

J5b 4_J u0-c< ^ ^a»L<x»l 
♦♦ 




d^ujQj jJLoJIj JloI^ 

L J 






: OljJLflJI JLalil 


: aULuoJI (JxALpj j^ujLpA 


3I Olj— JLttil ^1 pJ ^ ol^uQ J It 


4tL_oJI ^3 duOA3A_xaJU OljJLill 
♦♦ 


J_ls (j— >0 ^1—AjJ J^oLcuuQ ^IJjpA-<a»I 


j^u_c- aIj L^a) 833^0 (^3 03^^ bJ Lc- 


L>.^ Chis-Sj JI ^^3-. d_hi« 


(J li5i/ dlPJ 44352 dll 4 ccoLpAo 


J.-S" \j L-JU m 3 4dS2 O^uQ d 0 IAL> 


14 ^3 cU xSjrvJI 4 —uajLpAo 833 *0 


j is zs cjp Ai^ll j— lill 


1 >8ipJI (j a (3^ ^ 8) 33 , C- 1 AJj 


, — ^ 

J S tl) (JX)I OtJuJ I3 ^3 ilr\^l\ll 


j_JLaJI J^-St lu m 3 4^3 03JLI 


d_JL> ^3 c SI3I ^3 _Au03^)I 


,lk> Lij JiSSlI 


^ g, r^, 

^3! joJlpJI J 5 La J5LJI3 Jj jjpcJ) 




: IidJI jjjd sjuJI cUlog 

,^-JUJI A jl djljjuoljuai (jj& AjA^JI \ * 1 A x ^*11 ^ ^Ic. -Al o^v \1 Axj 

tALli ^2jj t4_J J^a Ja-juo ^1) £j£* SaLaj A '\ jJojnj lA-j^all A-jAiaJl 4— jLa^. (j-2a* J l>u3 j 

; UA 


rXAXAAJ 

r r r r r r 




r 


vMi J J 



^aAoJI oJanJI 


1 Ax-sal I j-a j^3M 3^^ ^ J ' LiaLudJ 4-Lc (Js) j^J 3^ l pi ^3 ^ ^ ^ ^ 3^ J& 


# *Lilaj]| AjjllH ^3 4_j j3Aa!I AiAaJl jjjuj) j-a C?) 



IV : JlxO 

# ^JLa]| $.Lallj L<*j(2 4 (JSLia (T) 

^Lj L^ljU^J j 4 J-SU11 <Lx-b JO jJ&l Jj-Sj 

L-J Wq\l J l^Ii L^a Jjj til lij ij Ijjl £ 1 3* 

l ^ \ L>q\ 1 jj ^JJj j|S jAx-^-al L-ilLudll 

>4 l.wll j_^a LlaLjuaJ jJl^l J-^J 3-laj L_L-^.jaH 
V jl 3 -SIj43 2jjL£ 3 A * ^ ^ jJ-juUC.LaIt j£Lil j 

L^aill J ^jJjoUoLaII ^-QjojJ i ill A V W 1\ QA 

_^jJa-al( 



-lXU-U 

r r r r r r 
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£>\j}\ uUI 



(J^Lk (J-^ A-JJ^j^kll A_9lJa]| j A y\ A_9lJa]| (jJ_J (J^ ±LaII (J j ^Iill A_jujI jAj (j^ k^tl ^ \» \i 0 ) 

. Jl S^Vl 

^_a L^q A-lkl^SI ^j^kVl *^Ldll <^-11 A-lc-lilAll ^1 j_^ll *1^.1 Cj ilJjjjkiyi J-alij ^^-lill dL^tilll (Y) 

.jb^j J^b; 

.4 jjlils jJC, ((Jl jlklj S^judkl^ ClL/ic-lij 4 'vjn 4 Jjl AiUa ^Jl 4 jjj^U 4$1 U\1 (Jjj^j 1 gjQ ^jj 4 *]k\\ 

(*0 jlj j*!*) 

^Uli JJO (Jl jikl j aAjuikl (Jc-lij Cl)l»l^.y ^jlk (j'a A^Uall 1^43 ^*lklLudJ A-iJ^^k Ij^iik 5{C 

(*V jIj j*xo) 

(Jljllklj S,4jaikl Clinic- lij (Jiik (j^a Ajj^)^k AJiLla ^Jl A ajI ixufUl AjilJa]| (Jj^^j C5^ ^ d] (i^ 

00 - £ - J 5 1 ^ « \0 - 3 - J 3 ! jyz* <\Y ol5 s**) . Jbli <-£A? blJa^j 

. ji^a c£jbjJ £>Jg-^ C$41 ^g JUJ bat yuu (e) 


(\Y J^l fOA . ^ * (jJ jVXo) 


- <jjLl<uS jj^£]I 14/LaJI J aXm^Vt 4-jlac. aAie- (_£4I i_ila4l (“V) 

.aJALJI 14141 J sxu^Vl <4^ ^ £uau <^41 J4JI ffl (V) 


.^UbJI 14141 J aX^Vl a 4*£ ale CjJ^ <^41 J*4I CQ (V) 

Jjb^j (Jjj^ajj Je (Jaju J4jj44I JjI^aJ aa-jLuj i_Jj1Lj (U) <-*. Je- **4^ j bjll (A) 

aj jjjb<s JJC. IL JaJ 4 j14I ^ Q ■ ■~'' 

(♦AjiSj^a) I ^ V Zero i^jb^ aJ^ ^41 e4a4l (^) 

.AjUjjI t> cSjVj* J AjUjjIj U£a.JjjJ' jjj ^aJI <Jj3 (> * ) 

# Aj^> ^ all l^Jl jlikl J ^ l— I jua^ Ij^L^Jj A-JLoiII l^Jl^Ilkl ^ L % USjUj C - 1 iS^J ( ^ ^ ) 

(\0 — ^ — J 3 I < M — ^ — jIj j<us < ^V < jl^ 3 -«JI) 

(*r jlS >^>) .^44' j^aU*I] A^b4l i-414! ^jbi uuji 

^ ijfraJ AjjouIIj tj^c-L^aJj AulLaiSI (Jl jlkVI ^ AujouIIj UIjUj jj^al 1x13 4 juA jo\l ^ C-Jjjjj 5^ 

.1^1 ^ A-i^. ^11 ^ajiSl Jj£l j AljudLaLkJl 4 -JLoJI ^ajSlI ^)j£l (JJ^4 ClllIXJ (Jl jlkVt 

^Ajj^^JI l^jj^j^a ci)ljla!>UI (jjki j cIjU jj! Ajja djljlill l^a (jj^i <^1 1 Sjjj^all (^ Y) 

# A4jlil^ A-ilk ^ (Jl^lkVIj S^juakVI (_ 5 ^ 7 - ^ ^ ^ \ 

^ AjjLjj^S 5ilL Jl fJ jill -lie. Iglijib (j^J Jllj A4 Uaj£ a jjx ^ a J 4ilk]l jjjib A^iaji (^ i) 
(»V J 3 I ob>-JI) JJC Jl jli.lj SXu4i Jclij 

AiUa AjjA A^j^kll AiUa]| (jjlkj ij A-bujlkxjl Cl)!^c-lij A4 jLiaj£JI l^j!)lc-lij (jL A-ijlil^ Li^Lk ( ^ 

(*T jtf s * a ) 


*♦ ** ** 


# Cl)lc.Laillj (jiVI C1 jIc.Lajuj ^l^lkjjujVI AjuLuj ^a^aJl A-ilk t 

•cr^jb t> Jj3j31j Jj JJJ 1 41^14 V Ajjlik. bb. ( > V) 

.AlUall j jlkj V J4, ^ 

t l^j3 L_J jc-^ J4C- Jljlklj S^juakl Cl)!)lc.lij lg-l3 ^vWj A.jUc. ( ^ 








lajuj A A*&e. 5 {C 

# AAa UaLudJ 3^ 6 (Ax-alt AjA At^)3t 3^3t ^ 0 ^ ) 

( CLjV 9AL&J? Cl A Ax ^ 4 c.\ , 3 ^C^Jjai^iS AjA^J) $.^Ua ^3 ^AalLuiAt 3 ^( | Y ♦ ) 

# AAa LlaLudJ 3^ * ( Ax-alt AjA A t^)3t 3^t A-iJaxj ^ ) 

.^t^^ f ^l^lt jlilt(YY) 
33 a jit AjjAI ^ < 1 ,jiiJ t aja^II j^tj^ Vaj J£bj ^aII a jjVt (Y r) 


$ olhonJI OUl>2l Cjjl; CM> a^jp^oJI (yl>2M jl>l 

On J 3 ! ^ < <11 J 3 ! jy^) A=^' jA -ijjV I UJ^J AjjliM' cs-* 0 ) 

Jt3SiVI A.jt^c. 6 Ale. CAAid ^Alt l- ill juaII ( l_A| SAuiSVI A.jUc. 6 Ale. CAAaA ^£Alt i_ ill jualt ( t ) 
SAua^Vt AjLoc. e> Ale. CAAaA ^£Alt l_i^ j3t ( A ) 3t3^-Vt A-Aac. 6 Ale. CAAaA ^a!) i_ j3t 

L^ailt jA A .j5l£lt A-illikll 2blaJt ^ jf (Y) 

Jt3lkVt 4-iLoc. 6 Ale. CAAaA (^3) l- j3t (l_A) SA jujSVI A-iLoc. 6 Ale. CAAaA c^^t i_ la. j3t ( t ) 

SAjuAVI A.jUc. 6 Ale. CjAiCS (_£Alt i_ ill jualt ( A ) 3t3^-Vt A.jUc. a Ale. CjA^A (^3) i_ ill jualt (-^) 

JA jjiSM UJ^ Wjj&W C ) 

JljlkVI A.jUe 6 Ale. CAAaA £_£Alt i_ j3t (l_A) SA jua^Vt A.jUe 6 Ale. CAAaA (^3) l_l^ j3t ( t ) 

SAjuaSVt A-A^c. 6 Ale. CAAaA (^3) i_ ill jualt ( ^ ) 3(3^^ A-Aac. 6 Ale. CAAaA ^£Alt l_ALuj1I 

<SUa JJ 3Al^Alt A-SUalt JjjaCJ ^ilUkJt UaJt ^ § (t) 



( ■ i ) 


(-*) 


4 UinU \* ^ | L_J| 


( ' ) 


*lA-jua£t ClAAc.Lij AjjA-aJ A->jil A_lj^£ A_SUa ^^Jt A-jlLi^j£lt A_aUalt 3-JjaA L^_i3 ^1 j ^^-lllt <-3alVt |X| 


A_ 1 ju 1 A 


-( J ) 


(-^) 


^ J^A? J' 

A-iltAla. A_mlj3^t ^ t ^ 


(Jc.lij dlj^a. A^jjj jljj ^gic l>A AA-!' _ 

jasa Jl JSil (tj) Jaia S^l ( i ) 

^Uli ^)JC. JtjLkt j SAjuo^I ^ A ^ Jt3Sit J SAjuo^I 

3 jUi> ^2-AX-a 3S ^j4— a^)lAJt j ^jA At c53^ 3^ Aj^^a A ill a3aJ ^^3ila— aVt 3^^t 

A_l^Aa S^jJalS jA jla^lt ^j4J 3^-^ A-^.^Lct A^. 

Zn°/Zn 2+ //Cu 2+ /Cu° ( i -r J ) 

Cu°/Cu 2 7 / Zn°/ Zn 2+ ( ^ ) 


0 ) 


00 


u^-jjaA' (m) 

^Ull Qi> >.^Vl L_iLa ( j) 


Zn 2+ /Zn° //Cu 2+ /Cu° ( ' ) 
Cu 2+ /Cu°// Zn 2 7 Zn° (^) 

^(AsCLuAj c-jlJaA^' t A ji^ ^ ^13 3") 

JUjb Ajk ( i ) 
^Ul! tAaa (^) 


( A ) 


(M J3I 


0 ) 


0.1 (^) 


Zero (-?■) 


V g?j^ (^>' 41 ' u^-jjAA' ^ 

-l(v) 1(1) 

.. Aua a ] ae-jj-^' A=^ CQ # 


A-ALuj^ A-i^^c ^ A ^ 


Zero (-^) 


AALuj (4-1) 


( ' ) 


L3£ A_^.^L<at A_^.t 3 J l^a A— Ai (^31) alxJt A^la ^1^ AAoAailt ^3 ^AilLAt ^)— alxJt *1^A3 At A3- 3 [Sj ^ ^ % ) 





d i ' ■ ^ H 


jjl^l V IJI 


Jljli.1 jJJ <Jj2l Jl j (t-j) AujSIj iS^ tl£i <JJ^' 4 j ( ^ ) 

l3^ ^ J ^ -M' 2 j (-?■) 

jj^c. jji _ 2.7 1 VjA ^1^31 J1 jli-V' cj& lit [ff ( ^ ) 

cA-d?' cK* (Jaj (<_j) «.IA\ (2=>-* lKj ( I ) 

t3f“ ^ ( ■> ) 2.7 1 V 6-iuiSb ^a. (-=>.) 

_J Jljjb A_lk A-l^k]| S^kjall ^a ^ ^ ) 
AjILuJIj Aj^> ^<^ 1 djU^dll Akkja ^L_J^ 4 ^ktl jk ^ (Jjj>^a ^lill ^ I ^ 

C3f- ^ ( ^ ) OH JkkVI ^ 

4 Aax It ^-ajuoj ^)Ijj ^lAklkAj (Jl^lkl — &Cjuj£I (Jc-lij d)A^ IaI [jj ^ 

jA ( j ) s jiuii (_?.) ^ Jji^j (v) Ji*j ( i ) 

A. ill qW\ 1 AjkJl ^^5 A-i^kll a^jIi iq\I AjI jk [lj 0 
ci)ijjjj£jy( (jIjjjoij ^<uujj (s-i) djUjjVi ju&l ^>uujj ( i ) 

dljjjli£Jyi (jIj^>juj £ld ( A ) dUjjVl (JliHl ^-Iaj (-^) 

SAjuj^VI (Jc-lij Cl V W ) [jj ^ 

kaa c1jIjjjj£JI Aaa (k) kaa dUjjj£JI i_ A ( 1 ) 

dljj JJ^II L- A juoJ^I jj AA3 ^aAC- ( A ) dUj Jj£]] L_)ljudj£l j Aaa (-^) 

L-jlakll jA AjIi] j JJ^ ly I L!ikJl SAjuj^I 4,jUc. 0 AJC. CjA^J ^aII L-lkill m 

U(^) t (i)(^ I Jj5l£ll(^) JjiVl(M) i ^UI(i) 

L-jJakll jA AillikJl ^ (Jljlk-VI Adko o Ale. ^ :, vWj L-jJakll |X| ^ V^ 

U-( M )*(t)(j) Y*i (|J ^jsVi(m) J ^ui(i) 

— 0.32 V ‘ — 0.76 V <>» <-)' j^VI -ij^- ciiil£ Ijj |CQ (^ A) 

£ I ~M V <^A a-A±31 A\l3 u^ 

0.53 O) 0.76 (-?-)r -0.53(v) 0.99 ( i ) 

U5^l c> f jAjllI 

A.jk.Sjt.M jjo ^ AiljVl AillikJI (-^) AijlikJI (S- 3 ) 4 jjli^Vt ^ I ) 

SjU& AiljVl LpUJl |p (Y •) 

AjjujI£jljI ud Ailikli :) AjjujISxjI yiL AjjIHj Aillik ( I ) 

^ ^ ^ 4 jM-vl ( C ) AjjujI^xjI Aijlilj Ajjlik 

U^k ^jUo AjjjIISI U^Lkll p (Y ^ ) 

Ajjujl.5k.jl uc. f C ^ Ajlikli Ajjolajuj A AjjujI£jljI ( \ ^ 

jA CjSjll Aik ^ Jljk^Vl kko aJ ^\ c ,j5l£ll (Y Y) 

^a J^lli ^J1 AJjujSj jCjA ( ^ ) cil iL^)j£Jl (-?“) (v) .U^-JJ-^' ( ' ) 

4_11J^£ AJIL fj jill Ajc. LgJjjiJ (j^AJJ <iUa a ^ <aliJl (j IJ^ ^^=2' [If (^ ^") 

^uujl^xjl ^jlilj (Jl^lkl — SCjuJ^I Jc-lij ^JjG 

iji * j ( ^ ) ^JJ^! (^) ^j' (^) ( ' ) 

t> JjjIUI jj^li ^j2y2l uj^' i ) 

# C1jLjS ^a J^jlll CJJU^I # ^a jAlUl dual ^ 1 ^ 

^^aL^a^)ll ^ C ^ ^jk!iUl a»L ajijjjla ^I^uj (-^) 




.(j^al^ j3l ( j ) 





p, Aljud^ 2 | 

> ^.JjujIj JuSlI • JUju£jj2jA | 2 | 


<( _>-aka jll Jj ( J ) 


J J A_}k. ^3 <— JLoJI L_lla3l QJ ®) 

CH^- (-?■) .U^kVl jk (Sr 1 ) .U^-JJ-^' jk ( ' ) 

j* j* j!i j ckj j&yi d (Y n) 

(jkkl CjIjjjjS (_a.) ^4'jkl (<->) (3fi J' j^l ( ' ) 

-J S$. 4.^ Ujj ^aL^a^)ll ^9 jj ^Y V^ 

•l g ? Jim l u^al^aj (_*.) <L> akaj3l .llxuSi (<— >) jll ( ' ) 


Jl ji=J <_k«j (j±l\ (_Jc.Liill c (jj^j Mg (s) + CI2 


MgCl 2 Jki3l J|p(YA) 


C1 2(g) + 2e 


2Cl- (aq) M Mg, s> - 2c 


2C1 


(aq) 


Cl 


2(g) 


+ 2c~ (3) 


^£>11 cUUll jjk Cu° (s) + 2Ag + (aq) 


Ag + ( J ) 


Ag° (■*) 


Mg 2+ (aq , ( 1 ) 


Mg 


(aq) 


Mg fs> + 2e O) 


Cu 2+ ( aq ) + 2Ag° JkJl J^litfl ^ § (Y ^) 


Cu 2+ (<r>) 


Cu° ( i ) 


^ : ^jU UJ JlC 

(\r J 5 1 jb^l «^0 J3 J*u>) klikll Jkl J (_llL2l t-Jaill jA jJVI 0 ) 

U^JJ-^ ck* ck> kllJ Aiiakl (jk^kil ji 4-41 ek* (jkkl <_kj V (Y) 

0 * J$! j*lo) *.LJIj (j^LikVI 

# 4jj9 A 2 AiudLuj ^Y*^ 

4_3 jS SAjuo^J^q aIAJI ^ \LJ\ AjI^_a!) Aj£> jj^al \* \\ oAjujSIjlaL a ^ ^ £ | 

.IgkXai J3k^ J LJj c ^judLuiLo]) ( ^9 4 ,<y W^ti ^ju^aLlxJl 

AJjIjuJ C—boill j 4_9 L^. * J j 1 ^ j 

5iUJI dsLjlkJlj 2bljVl (V) 

4_Luol£jtj| uo U^U <J oVl ( A) 

J CliVVlj Clllc-LoiSlj CllloL^juj ^9 ^ ^>laJLa£S 

kai 5ij jk (3fi ji' "Sjk c>« (J-akill f. jL ( \ * ) 

AAllaJ (jJaiA L-i ^ C. La^-Lq (JS (j_ii!a3 J ^1) *Lii^. C - ^ ^ ) 

^UkJI U^UJI ciiyLou V 2uk (^ Y) 

C1 jU£^a 1 <Jjou 11 j A- 1 aaV( I jj^ ^ l_ixJj ( ^ 

CIjI }ljjudli Aj^)LlaJ 4 u ^^aL^a^ll Aj^jLlaJ C-Jl^xj ^ ^ t ^ 

4^bll jl C _ iL^all JaLla^H ^ <^lc. j CIjIj ^ 

Vi Ecell ^?kl' u' t> (k ji' 12V c£j'-k c - 1 ' jk 2 ' ^ji-kl emf kj$£]| kil 31 aj3l (> *i) 

ka 2V jk 
♦♦ 

djl jLiuill 4jjlk Aj-aAl jiLajjAi^l] C V) 

ajlc.) l^la ^jkl ^j^£]l jUill AxoS <j-£»aj JI kja sk Ajjlkll ^ 0~s n > i l (^ A) 

1 ♦ ♦* 
l ^ lauuo 


126 





(W olj LO c <\0 jl3 

jlj c ^ (J 3 I j*!*) 


AjjLLj AjjjIISI L!iLk]| (^ ^) 

# d)ljLijaJl A_ia&( j>alijAll (^ % ) 
A. AjuA£juI a i\«v S jUaJl Aj jUaJ uiu (t U 

AjjujI£juI A-ijl l_LiLk]| jjjju 3$c 

JuljVl AjjUM' t> *aM (T T) 

# A-LcI Ai)^)JaJ 1 g A ^j^ai^liil ^ 

A -V (^aL^a^ll Aj^)L]aJ 

l&Ag.'N Aj A jjJa^L^Jl L^a^)l( A, }\*s <j( ^0^)11 ^Ac. 12V Aj^l-la-il ^ASJl 

.^a 2V 

# Aj^jIj]| L!iLk]| AiUJl ^ jAill) <jjj( ^ laJ ^j*j 
-LrK ,L-£> jll J* 3-ajlkJ 31j^aJI dll jUJI (jd*J ^ (Y V) 

L—llxllH A \ j\ ~v ^ J ^jjljL^ll (JSIj 6^)ALlaJ ^aLaJ&VI 


: O£$E 0 JjLuuuO 



; (jl CIiaIo tiil 

Zn° (s) > Zn 2+ (aq) + 2e~ E° = + 0.76 V 

Cu 2 + (aq) + 2e“ — -» Cu° (s) E° = + 0.34 V 

. i^rx V ) (jl—iJ cL^-Lq A-j ^£ll A-IjIqWH A-ji^ll (Cfflf) A_jj^)££JI A-*al^ll S A^ua L-Jbui^t 

Or J 5 I oii>-Ji) ^ ^ A4=21 

\# 

jal^JI ^ll Wd JSj ^djall 0.7 V ‘ - 0.3 V l-A^b ^ jl B ‘ A (7) 

? 1 <ag l»a (j^Slil (ji (j£-aJ <_gjll ^ jAll ^a3Qaj^aVI 3^7^^ -A ( I ) 

? I jUj ? V ^1 jIjj I g j C- jAj^aj (Ja j Ajl-vll o^J Ajj^^ll AjtaUl ajaJl L-Luia.1 (^^-1^) 

{'\ J3I j*ia) 


(1 V) 


jal£3ll JSj ^djall Jo - 0.6 V t 0.4 V UAA^b ^ o' B ‘ A (^) 

? I <ig l^i (jjSjj (jl 4 jA\\ ^a.^Uaj^aVI -A ( I ) 

? I iLo]j ? V jLii l ^ aC- j 'i ‘ (Ja j AalaJl o^J Ajj^)^£JI Ajt3ljJl s_ja]l t_lmal _l^ 

(* * J^l j*v>) 

(1 V) 


(j;- ^ jlaJI . 1 1 j61j a ^jlj Laic- .lni^J^all (J^laJI I ,^a A-il^l A-ijl^laJI A_ilaU ^a^LlauaVI 1 . 1 1 | 


^(s) + 2H (aq) 


> H 


2(g) 


+ Zn 


2+ 


(aq) 


0.76 V ja 


( 4 0 J3I j>a^) 




S A-xui3 j j LIllq A_ljVI A— A— ll^ll ^.^.^Ua-j^a V I 

H,,„, + Cu 2+ /„„, > 2 H + / _n + Cu,^ ^ 4*j^l 4*iUI 


■2(g) 


(aq) 


2H (aq) + Cu (s) 


(•V jyO*) 

(0.34 V) 


— 0.34 V = c4-^41 .iu£b (jL Uc. 


4 J -^' ^ Ag + /Ag M-ba j Sn 2+ /Sn 0 -* 4j 4blak 4-4iJ >* jll £3 (“V) 

‘ — 0.14V gbljlll or^ 4- J-a^ lj Jj- ' L ^M I jj-* J£1 ^ - u i bal l Jl jlk.V' u' <^-4c. 11] L$J 

0.8V 

(0.94 V) 

(j - )^* a ^ a ' . J (oil ^ ^ ' ; be? 1, u' t "' «alc- SjLs A ■ Za2 ^j_k> j cj ^ ' 1 . ' ^~* 4 U d"' 4 ill a <\-v | V | 

: 42U1I 411a! V I c> c^l c> 0.8V * 0.34V 

(•0 jO jvxo) jlibllj (_JS .lie. ^gjLaUl (_Jc.lilll ClV4-*-a (— . illl ( I ^ 

4 jjHa]l A i\-v U ^ ^ ^ ^ V I ^a^ll i _ ill' gj ^i_j^ 

(•o on j**) .4jb4l £>44 e.m.f s-^' d (-?■) 

(0.46 V) 


• blllll biiliLJl 4aLUl 4_u *£ll 4*iUI S jill 

• ** ♦ ♦♦ *♦ ♦ v 


( A ) 


Cr ( 

Fe 


(aq) 


ry 3+ + 3e“ 

(aq) ^ - >c 
“► Fe (s) + 3e 


E° = + 0.74 V 
E° = — 0.41 V 


- l^l ^^.^Uaiaa V l *r ' J 


(0.33 V) 


t Jb Luo Ji> (Ol jjiao) (uaxbi jioi 

0 V oil j*ia <* < \ oil jvajo <♦ V oil j*xo) Cs “1 j"4l S-boS ) 

('A J 5 ! jlii-JI * *1 J^T 0 )^ 3 — Jl < “\V o'! ^o) AjjlilaJl 4jbb' ^ (^luiall js>.UJl) A^L\ I 6 jlkiSlt (Y) 

4JULJI UDUll (n 

• ** » .♦ \ / 


cr 44 




(“\A J 3 I jcu o) 


^Jaxj I (jli^ljll ^ya A i-n. ta.iiV 1 4 a.'Ul (^ 1 ^ 

<LaLai 

.4ibJi aJ/j\ b^iJi (n) 
.4iUJI ^jll Ul. (V) 
bjjbll LbiJl (A) 

.jj-aL-ajll (^) 

.(34. j^' 44^- o4 ( ' * ) 

.^jajll bilk ^ ja^jj^ll jb 
.fj441l ojj' 4jjlbj yi f jjjjU' (-yal ❖ 






( 4< \ 6 ^ j^^ 0 ) 


(*i J 3 T ^ (J 3 I j^o) 


j 3 ' “S^ C5^ <i^ j 3 ' ^ ) 

^jSjll AjLk jj^£Vl jlc. s}: 

^aL^a^)ll ^9 ^aLu<£a^)ll Aajoj Sl^lii * 
.fjAP UJ^ <JjUaJ ‘-^J^ fjA^' ❖ 

iSA jl' ^ g^ f J^' J J-^ ( ^ ) 

^9 ^J( A, }W ^^9 ( ^jLo!I ^ j^JjuAj^jJ; ) >1 Jjuj^ 2 $C 
A u>m\ ^ \1 ^^aljL-a^)ll AjJJaJ ^9 ( qq^ A\ lA 3 $C 

UJd' 4 jj^ ^ jjjjUI Jjiuj j3 jjjla ^l-iui Jjk-» 5{c 

.^1 u_«f ^ J >11 ( 1 r ) 

.f UJ^ ' * ) 

.SjluJI j-Uj^ll (^ 0) 

/ 6 ^)LijaJl 4jjUaJ 

.j^jj^' p v ) 

# f-l i >>q11 A. UjJ^Wj J ^9 j\\ A ^ \ 

^A\ l * vlnotl p ^ 


.fj 


** 

m 




W : 00 ili» i)u OjU> 

Ik JljjiVI Cj^Uj (^ ) 

(.A j 5 t ob^Ji) ^'j MV (Jjftl) h ‘ (JjStsii) ±*A\ CQ p) 

(•V jlj jao) U^la (JSJ plitUI ( _^K]I Jc.lii]| I— ua> jjA (Jjjj ijJI A^iLkj 3iLaJI AakJl (f) 

(.\J 5 I^) 1 M \# ^ ;lu^ (> AiUJI 4 j jLUl j # jU! 4 j jliaj (i) 



.L&^-La ^9 jU/ax'l S^L<i]| ^ I ^ 

.di^UJI ^K\l (Jc-lilll (s- 3 ) 

— L-llLuJl L-jJa^lt — La^-Lq (J£ ^9 C - la> L—lla&H dll^ ^ (J^-lllI Aj^)LlaJ^ A j^ 

(Js (Jc-lilll 


(°) 


l _ JS ^3 L-JluJl c_)Ja3]l — Ltt^-La ^3 t_L^^a]S i_jJaa]l Cl 1 ia. (j^a A^L^J) A_iliJlj ^ j 

(*T J 3 I oli 5 -JI) .La^la JS ^ dliUJl Jc-lajll — U^la 

(Ucbl « \r J 5 1 otiWO .l^la J£J Jlia jSc ^AjjjUll b^UJlj AjljSfl ll^i (jJJ UJ^ (V) 

• UJj' <JjUajj CjSjJI Ajk. (A) 

f A ]ax llj pUaiJI 







fl: >U1 


f I jUj l£UJl c> ^}IaJl e^A Jjiu Ja 


? j\-£i (Jl^l^.1 — S^jua^Vl (Jcrlij ^Ia^ILujI aJI^ jJJ 


? AakJl (J-ac. ^9 (JS ^A La j A-ijlql's.ll A-3 aJ1 CLAj ^A La |J 


AjL ^1 AkJt\ AjUV! 43jj ^ jLill >jl! Jfcl § (i ) 

(c? > J) >JH M) u' ^ M/M 2+ // 2 H + /H 2 .Pt 

? 3 *^)^ ILa liLa ^ I ^ 

? (J^Il ^ *W (J^aLtJl ^A Laj .AjuiSj^oII (J^aLtJl ^A La ^l_j^ 

? M ^j*«Vut\l Ajuo^Ij ‘N jA La 3 0.76 V AjlA.ll &AA Aq y ^jlS 13 j 


“ | 1.1 V CS-^' II (®) 

J I Chj^ 6 '- ; h' (2 i ^W.) Aijj ^ Jl Jii! ( i ) 

= n 2 + L . 3 -*^ ji ^' 

|_- .- ^-3 jjj liLa ^J)Ja ai ipLoJl jiL All lil ^l. J ^ 

LaI^ ?^uakij ^1 2uJ)j 4 lUU A_ij >-jS^ AjlsUI S oil] 

JljlkVl ^ u 4 



AjLS£ AJj^la &3^ ^jjA ^ ^H CLAjj^S J ^ .^i 2 jj*.^j 1 All AxJa3 Aic. <•** 1 ^ j liLa Sj 

(•r jis j M j M . Jclisll 

&La l_lj^) 6 LaLij Jftl 3^^ Laj UaLudj ^jiiSVl 3^^ La • ^ 3 ^ ^li [ij 

LlaLudJ J^Vl -lajudjVl Ch\j^l\ 


J$ (J* 

(X) 



Y jifl nUI J jl^A 

I’ 

Y jJ* 


Jlfl (>» < -aJa3 

(W) 


X j& ^a 1 J 


j& <y* ui^ 

(Z) 


W J& ^a 1 ^jU djl^A 

'i 


; ^1-^1 (Jc-lilll l^j ^vWj ^Ull AjjI qWH 4 jU 11 3^ J\ i - nA 

: 2+ . T7^ v TVT* . T7_2+ 


( A ) 


Ni + Fe 

1>J1 (aq) ^ rc (s) 


KTi + Fe 

x>ll (s) ^ (aq) 


JjjVlj Jjjmi ( i ) : CJJJ j»J 
^j^£JI jlnll S W^' (V 1 ) 












>->l . j ' Jj_u3b ^a Ajfijjai ^ I ^a Cj^'"' ^ • ‘ '"* ^ ^ U ‘ ^aS^a |S (^) 

liiujjjS]| 6 JJA3LA (qA^S j]l JjxuSl gjljJ 

(\£ J 3 I J^xa) i_llLJI c_jlaa]lj L-Jafll l Ls^iaj^ <Uli>Jl JlaJ J£al ^jl ( t ) 

(U J 5 I j*x o > • * J 5 ! j*A) ^ ‘- Jjl '^' cJc-^' 4^' ? £U^' iS^ 1 ( l T J ) 

(* * jlj j€lo) AJjl*-aJI AjljS £as ■ <3^)11 ^aS^a^ ejLluill 3_ljLlaJ ui e^Lc-J 4_llaC. ^aJJ ( Ll£ ^ ) 


: Sis J^b cjjL^i <^1 (jj^iiiUi ^iaj yj ( ^ ) 

.JjSjll 4jk (lj) (.Vjl 5^) ^ jJI Ajk ( i ) 

.($! LP^) U 4 jJ-^ ( 2 ) .(&J&J l>^) cHab^J' (-?■) 


o jUVatl l il ir. Aic. llUa. J liLa t) 
** v » *♦ ** V / 


UPJJ- 2 ^' S^ 33 <-]■*£• ^ f) 


4j <>Aii tJaSS ^LiaJI ^ fUkSI Jjijl (^ i) 

: (jj^i 1 cjUaSSn 

>c ^jujIjS 1I JJ-V jjJUfrlt L- iWq CIjU j£^g djULnSl Jjjaj ^ | ) 

(M - £■ - J9I jl^3-«JI c M - £■ - jIj jv^la) 

(\ • jl3 s*A « U - ^ - jlS s**) .VuLall OPjj- 2 ^' aAl i_L-^ >>jJI ljjSI (i_j) 

^ .(^- LU ^' U^-JJ-^' S-^ 33 ^ (-?■) 

U^-JJ- 2 ^' S^ 33 cW^ ® J^ 3 lsA ^ ( - 1 ) 

1 I ^ lm Zero up-jj- 2 ^- 51 s^ 33 ^ (^>) 

• Zero up-jj- 2 ^' m^ 33 ^j 3 a V ^ ( j ) 


bjSjll ^ (-) 


: (> JS ljjjc.j cj|jjA« (jb U ( ^ e) 

Jjjjjll (,_j) b^l ( I ) 


? cUJI A^jVl biUJ! L_i3jIS ^la (U) 




?L_llx^aSl J£Ij L. IIjuj Lg ^ ^ 












r 


JJ 


cL-juuJgjXSJill L-Jltxll 


LUU 


(vudg jifjyi UiliJI 

♦♦ ♦♦ ** ^ £ ♦♦ 


ji£> JpIIj CjI^V j.Waa (j-4 4illail a.^Vuam 

♦♦ ^ ♦♦ i 


: (Uidg ji£jyi (UliJI oulS jj 

♦♦ ♦♦ ^ ^ £ ♦♦ ♦ ♦♦ 

— A,,qV^^ L&^-Lq j! (©j-AAJI jl • (JILa^ a^Ij u > ^ 3L ^ Cy* ©Lilas (^) 

•cr^JJ^V' C5 ^ jolaxjj jUJl — — ji&bll 

: uj^j (4jJ-W) cst>j«^ (f) 

oJl_oj£'il tli^C-Lii eJ-ic- 4 _j jUajil i— J_ a. j-aJI i_i_Ld]L) (J_a<ajj .jdJl c_i_lakil j_A ; J jJVl ( i ) 

(Oxidation) 

(Jl j ~i-^VI d^lc-Lli oA jc- dn a-jj 4_jjUajll <_lll_uill (. _ ' Walt j (J_i^a jj t_l_iaa]l j_& ; JjjLSJl (t_j) 

(Reduction) 

: JxmJI aibjE> 

i Sj^i ^?JI ^da tij-d t5-^ U>^ * -4^ Jj) jj i^> A jc- ^Jc 

ClAj Jjj£]| L-jLjujj£1j IfrU^juJ j ^ j3l£ll) L-llLudll L_lJakll (CIjIj A j^> j-JI CIjU jjVI A^JJ >$C 

I a-Aac. 

C!j^j j CjU j jj£J 1 tg IX A J^Uli j (j jjVl) 4-^ j-A c-iLkll (ClAj ijjjVI) AJLoill CIAjjjVI Aj^jj >$c 

SAjuA) AjXaC. 

• ** 

:(CuCI 2 ) ujuI^JJI jjjgis JgKoJ ^jx&i Jl JjibJUl :Jlio 

♦♦ 

: 5JjI*_a1S Ujj f Ldl (jk oiUiil jjjjK cjjIjj : I jj>» Jjfl 


CuCl 


2 (aq) 


^ Cu 2+ + 20“ 

^ (aq) ^ (aq) 


• 4u]U]t CA^IpUH]) JjbulS ljILSV) CjU jjSft jLn]( jjj -4 Jaj 

♦♦ 

* J'Uja. uJsi])] ( 4 i^iVj At asiaW s^i J^Uj (J) 


^3 j ^5 jwi*ao 


1 

1 

1 

+ 


1 

1 

i 


2Cr (aq) Oxidation _ > d 2 o +2e - E° = - 1.36 V 


; [t-dLudl (J ijjliil) ku$ oil JljUl J&lij (2) 


Cu 2 + (aq) + 2e~ Reduction _ > ^ E° = + 0.34 V 


Cu 2+ ® cr © 





JjjVI £. j_A3s»a j_A 4 jWl diJl_aJ) J-tLiUI ( 3 ) 

: Jjjtillj 



JULUlU 

r r r r r r 



: |j> <U>Ub OIojjAj 

CjIj jjIj (CjIj , y5lS) <_ia. j-a CjIj jj 1 ^^Jl Lu jj! tAl Aql i jj^,^ jl <J jA 

.CjUjjVI ^jjj jLjjII (CjUjjji) 44L» 


x^adl jl aII ^9 A^^j^lLa Aj^Lg Cl A 

Aj^j-dt CjUjjV) 

(SujJtJi) 

C1 jIj^^)j£JVI -3 Ajle. j j| J ^1 ^9 A^^iCLa Aj^Lo CjUjjuj^ 

AjJLulSI JUjjVI 
^ (c^UjJVI) 

^j^a.Vi ji A_i^ ^dl A W 111 oCLjJ \ g 1c. ^jjj J (jj^)j£JV (jjjVl jt fi^ell eSs AjLoC. 

II \t iULJIa^!^ 

SjiuiSVl AjIap 

jj ajILJI aK joJI ^_a SeLjJ l.g.le. ^!Lii ^>j£I jl <jj^)j£JV (Jj-jVI jl SjaII c \\ unAI a., iL&e. 

# A-l^ 4 ^ i.u\l ^3 

Jl JiiVI 4J*fr 


Electrolysis ^jxniJI JjdbUI 

♦♦ 

grL>A^ JJJ* grAsJ^V' y A 


(4,MV?») SLsJ«££ 1VI UMSJIj AJLiLxJf L^LxJI Au 4ijLLo 

H H H H VV 4 H V H ♦ ♦♦ 4 V 


(4 ,UcJI) 4" .:.I 3 j 6JMI LAliJI 

4 jIAJL*J1 1 )Mj?JI 

♦♦ ♦ ♦* 


^Jl 4 A-iUal) (Jj 1 ^ l3 ^JJ A^Jall 

SAjoi5sVI Cj^lc-Lij (Jj^Ja (j-C* A_jjLiajS AiiLla 
ll^j (_£l) J-4C. (JSL-CIj Jl JAikVI j 

(^jLk 

, Jl 4 nl yjs^W A-SUal| (Jj g^j Ljj 3 dj A^Jall 

Se Jua^VI Cj^lc-Lili (J_3^ja (j_C. A_u^)^S A-filJa 
(JjAj (_^l^ jujq ^jLili (JA juJ (JljCl^VI j 

(^jU. 

JuQjJI 4jjJol 

SAudl 6 Ale. ^ill ^a1\ l lldll 

♦♦ 

A JaJl c - AJL^ajV 

cillej Sjluo£I o.Vic. < (^ell l aILuJI c-iLkll 

♦♦ 

Cjlljjj£Jyi eaij o Ale. S Aua^Vl CjjA^J 

(jisijjLtl) ^ 53^1 

Jtjl^t c-Hc. C*Q^ i ill C aILuJI L_iiakll 

♦♦ 

J(jALk) dAie. C* (j:aJI c i l iJaill 

♦♦ 

(ix^tl) isjISUI 































r 


<J jUaJl C iILujJ 

• **v * * * 

c_]l ui&lj D.I— \c. (JI^JLkVI ^Jj>l-sJ cii-Ji J 

.Cabjj^lyi 


^-jLolIa j! 4 qV^x> 

A-iLkJt C_bL^aj| b (JS 4 Q ~ © ^ 

\ s $\ i Jaalb 

• 45 r » ♦ 

♦ 

S^lajS V 

4_L^La 1 J§ l g 1 

4*LU o^btJLaJI 

.<jrb>$^ ?rbib 

•grU«^ gr* 

ia^SJI aikll 


: OM-s>ll Jru ajjliLo 


daJbJ^jrCSLiy 1 C£Lo$il 

io 3j £WI O^Lo^Jjl 


(1h> CT?J^' jball cJb ^jbc- <_4 *j Cj^L^a^a 

.4jbjjl <£ ja. J^la. 

CP 1 CS-?J^' jbaJI Jb t^b. Ja*J <J1 l>Loj* 

_Lgab j jj£JI a£^p>. 

bA)jjs4dl 

# aJjLuj 

# 4-Ak-a ^1 

ajb>iji ajbji 

♦* **V «* 

S^Lolt JU&I 4 i 

s^Lall (Jliijl a 1 ^ ^ 1 V 

SiUI JUijl 

# ^^LaVl Ci) 

J ^jJal <a«sVtj (2) 

CjI jla @ 

.^ 4 ^( 2 ) 

dJjuoj 






i^jjili^JI JJLiaUU ^sIdIjId ijjJIgo 

k \ 1 J* «5bljlol Jg2M ogJloll 

4 LjJ^ja LljujIjj 

4i'^ j\ <_Jjl6 dul£ t\ J-Ui 1 ' AjC- j\ AJ j^ILiSI ^1 C 

•cb^JJ^V' Jjb-41 SjbJl 


l3>&^ j4**XO 


I 


HHH 




c>^il 



©-I 
© — ► 

•qT 



© — ► 


: ^bl jIaJ J$Vl ^IaII &j 


~r 


s£\S 


: Olg—LaiUI 

.JjlSAll J^b A^da^bl AaiikaJI AaiiJI JjS ( \ ) 

^06^' t>» A-allLai ‘->bu£ <jbaljjj£lVI Jj-U4l jja (t) 

• 2i£jUl| l^jLud^ 

= (Coulomb) 4 ja£ 

(Second) 6*^' x (Ampere) jb4' Sau 

4, \a*\ ^1 c« 4 J cJ^ (J^ 111 

a_uj^£J 1 cjUia^j JjjL^]I ^g-lc. A_jj£bll jI_j_a!I J_jS (jj_i <jjba (t) 

A-aA^JjoiaII 

: <Ua>iUJI 

(J ^9 4 _lo£ SjLj^j ^-lc* 4-J j)©*^l (Jj£ 

: gUuujuuBI 



zzrrrri 

r r r r r r 

134 



*LMl 


( yUi J J 


♦*** 

1±J 


A-lxiS £-X LlJ jL Ij-ullli j\ 4-J jlc. Cx jl£ g. 1^-juJ <*■ # \.h°l J Xlc* A^i^lLudAH ji A_j LftS L-JjujIj 

^ sjUii 


4bljlnJ ^iIaJI jgilnJI 


♦*♦* 

UJ 


4 jal ^ <a3l l g*<V^ £_a 1_p^]a l ; ■ q\ jj 4 _ij 4 i_yi-S j j j j^a A ic. 4^1/ "• . .^V 1 jj 4 aViA. ^\l ,}| ^a]S <_J_uilj 

<Lal^Jl 

• ♦* V* 


JjVl j.,VwH <MaJI Ml 

j,v»iu -4K.nai-,<ii 


(JjVI ^)i-a4aJl 4 Jj£ 
^Uiil Jt ,Vi,llM 


: ^ilill .Sbljlo ogilnJ tudUjJI (XfijLuoJI 


(XjuoI jaJI (Udl^jQJI (Ui£JI 


jLiajSJI (Jc.Uj]I e-ljlll dU j df: 1 I (_ya J^lj J j-a - '■ ■ ji -}a3 ® j-iaP 1^1 ^ill ibLall AjiiS 


4^1 jaJl 4jjill Ml 

7 , J • ' * I' (JjjjI dll juj v 't~- 

01 „ r 63.5 
31.75 g = 


= AjJ jaJl 4 j aliall Ml 


= Cu 2+ L 4*al jaJI A^dal Ml ; Jlla 


4_>jUbL> 


: ^bf jIaJ dliJI 

♦♦ ♦♦ 



9 g = f 


107.88 g = 


- 107.88 


1 


31.75 g = 


- 63.5 


^LlxxI^ jS^ | ^Jlx)L?uo 8 JlxJ (JjJLpcjuII 


: Olg-kLkJI 

t 4-jJnill Cl)l jJijj t II CIjIjj jj£ JJL^a ^Ic. (_£ jliJj JJ-^I J^juJIj A^jJa Jjol I <jj£ ( ^ ) 

^jjdjlVl jjjjKj 

; AiM*JI (jx Ifcjluia. ^JJIj t«.bj^£ll (j* 4_La£ ^Ijtfl j^Jc. Alcala! I AjjJjjj^VI JJLs^JI jj^i (Y) 

(Second) <>jll x (Ampere) j^l S-^ = (Coulomb) V 4 * 

a \\^. J£ ^Ic, aj jI ^aII Jii^ 


r x>i-i-i-; 

r r r r r r 


IfrjL. aai 5 tjl Aj3l£4t (Jj£Hj tAali. (J£ J ijjl£ A jj£lLa]l j) j^ali (JjS i - Imj (j jliS ( t | 

3 _loI yaJI Aj a 1 &]I 

' -*7 i , — T = Axal jaJ! Aaal£4l JtfSlI : 4bUll <> 

z qjj! i - ' 1 u* AAc. - • (-T- 


: (Ua>bLaJI 


(JAj A_i>ji^aJl ^ |_] jjjj A i > n’lli jX— a tjJ^Je (— IxA jlili lAjii. (jS JjjlS ^Ic. Aj ij^Lali 4 (Jj£ (jjj Aluilll 

9 = f = Al 3+ e jp* < 107.88 = I °^8 = Ag+ t 3175 = 6|5 = Cu 2+ 




: gUuuuuugl 

ji 4 qV^^\1 J ) jjs\\ (Jj£ l_buA Vn 

Aaa\\^ 1 \ 

• ** V* 


"JanJ olflil jjuO 


^l£4l j jjl! = Aaal£4! At&JI = ^4 j=Jl ^il£4l 


s jj J^41 = g/atom = 4 -lJ jr^' ® j^' = lS j^' u jjl' = aJj£1I 



(X-joUb O-JUI 9 D 
















( yUi J J 


(s) t> 3 1 ' X (A) j33' m = (C) ^ 


hour 


X 60 


x 60 


XT 


- 5-60 


min - 




- 5-60 


sec 


<ia \ jaJI 4jjill Ml 

/ te.\l (jjjl dj\ l~s juj 


= (g) <ia\ J*A\ AjsIUI Ml 


(g) Ml x (C) M 

96500 C 


= (g) Ajjuj^)1a 1I S^Lal! aJjS 


(g) V' J?J» M < (96500C) 


^bljlill a 


(g) A AjujjILoII A SjSJ I 


-j*au 


_LO, 


£ 


Y 3^^ 3* <jj^3^ <1 ^ ** HJI 

Y jUU 2\i\<A\ 2 KOI 


X 3 ^®^ 3^ ^-^3^^^ <iUI 
X 3'°n 2 uk ji 2h<\i 




(Z) cjliaJi Aic. x (F) j^' = (g/atom) Jj3l i -r J ^ ^3^' ^<1 


e Cj^jm jjc. x (F) lS^ ijliJI = (<^13 jli) 3^ ls' 3* (g/atom) Jj3l 3 jj£3 <-» 3^' 


IW m^* f (5) jL3o 

(Ah0 3 ) j ji Jjkall 3c. f ' 3 - (g/atom) ^ 



[Al=27] 


3i3\ 


(Z) jjfr x (F) (i'JjliJI = (g/atom) Jj3l j3 ^ 3^' v 

3 F = (g/atom) ^ 3^' 

: J * t J* 

27 5_ul pJI aj ,31 <3£]| 

9 a = — = 4 7 = (g) iul «J| <31131 <H]| 

g 3 z 3 jj' Cjli^3 jdc. K&J •• 

27 g = (Al) f 'j^Vl 3 - 1 mol j 2 cd (g/atom) 

27 x 1 1 F x ^3131 <Jj11I 

3 F = ~ 


<aJ jaJ! <31131 <H1I 


= < <_la£ . . 


[Ni = 59] 

(19300 C) 


C 


(6) JL-Lo 



(II) 2^3' Auj^ 2j3^> 3 * Jlull 3 ^ 5.9g ^ 3^' A -^ 


Ni 


2+ 


(aq) 


+ 2e 


■> Ni (s) : Jc-lii (jL 13c. 


a 


dLu3LJ 






ZI1JQQQ 

Tr w 9 w if 0 





r 


vMi J J 


uW t 4 uj^ Jjia^a ^A 4825 C j' j-4 u-* u^'-^' jj-^'j u-* ^ C® 

[Pt = 195 , Cl = 35.5] : <«* ^ L^ ^1 c&clisll 


2C1 


(aq) 


^ Cl^iyi + 2e 


&9\ 


Pt 


4 + 


(aq) 


+ 4e 


■> Pt 


(s) 


48.75 g = 

96500 C 
4825 C 


195 


2L.1 jaJl *jjill W\ 


Z ^ ^ ^ = ( p t) ^ ^ ^ 


■» 48.75 g 


.-. X = 


X g 


4825 x 48.75 
96500 



35.5 g = 


96500 C 


35.5 


4 jJ jaJI ^LL&JI 


1 


z *3 ^ =(C1)J^M^^^V 


■» 35.5 g 


.-. X = 


4825 C 


■> X g 


4825 x 35.5 
96500 



C 


■•? 


(8) JLLo 



Jj_k^ ^A 5A jW 5 jj>* ^ 3.175g <t - y-^ f (jiii-ilL t> jJl i-L^a . 


[Cu = 63.5] 


Cu 


2 + 


(aq) 


+ 2e 


^ jjl£JI (Jc.lij (jlj Laic. t,jjLa-ill lIiIjjjjS 


(s) 


(32.17 min) 


£ 


ifLaiiLiJ 


J / 

2_L_L_K. 




las-Jall 5 F U jlJia f Lj$£ll <> ^la£ jjja ^ £uUll Jja * . 6 V I uiui^l 

[0=16] ’ ’ SjljaJl 4 jJj 


&9\ 


20 (aq) * 0 2( s) + 4e 

C1jLjjj£ 1'^I J-iC- X (F) ^Lljlill = (Oo) 3 _?- a 1 l 3‘ -^*4 “Laj5Ul 4_ia£ 

A C — Ast — 


1 mol (0 2 ) = 22.4 L > 4 F 

X L > 5 F 



5 x 22.4 
4 


28 L 


JULUlJl] 

r r r r r r 




r 


jji^i v yi 


2 J 


*Uk)l 



: si ijfti<=.lli slL_txJI 


CD 


t cb jlh ± JU fallal I 


yA Ajj' a^\ j\ \jla^ J blfxL^. Ajl-Sa.C>y^)^.l ^Jajuj ^ic* AAlla A )\>aC. 



^ i: 2 LU*J SLUaI 

? A^llaJ L_lL-saSl J Cl)l^)Lijud]| y^U (T) 

^ I^jjL&^J Ljajlj LJLa^. SiSjuj 

**«. AjJa^l) jj L_jAaSI jj ^aj^)£Jlj A.x^a)^.^)]| j j ^ijI u^all (JlLa A^i^j^aSl y^xj ^5) 

# Aj^L^ali3VI lg.*^ £jf)j yA I^jjLo^j LilLa^. bl£juj L^jUaC. V \ Jl£ 


•« % 



: n nnll j n g fiil-»i Jjjjl sUbJ " ■ !««■ " .'J ? ' 

: olgJaaJI 

.'•^ 1 3iJ}\ 0 ) 

Jj_k^ l _ ? —k 4 qjhn X_*j J—ijjVI (t) 

CjI^) A^aill CjUjjI ^Jc. g;>kj g-kljjJ^I 

(j pl£j! j t_j]luill i—lLiajLl (_Jj^a jJ j ( * kj a ■ >»atl 

(J ■ ^ 4 ■ >»all (j_<j t _ ' (J j; k ^\l ^_3 . >» (^) 

.(jjjVl) 

_ j-k ,11 4 . >»a\l t * ' 1 ->A L_ijk • Aj£ f t | 

Oxidation 


( 4 * 5 1 £) 


Ag 


* Ag 


+ e 


(s) => (aq) 

4sx1a 1I ^_ic- a . >»aU CjU ijji J j '4 • * J jjISJ) | | 

+ . _— Reduction 


Ag' 


(aq) 


+ e 


* Ag 


o 


(S) 



JULUlJlI 

r r r r r r 






( yUi J J 



: (j& < 

OUaiSjjJUA dlljjji ji (NO 3 ) dlljjall dlU jjI 0 ,'lm^j £ya ^^leJ 4-Jaa]l ^la a-WSI ^ • JjjSH — 

A l >»a\l j Ja oJjoiSI ^jj 3 (OH ) frUll 

(H + ) *U1I u^-jj-^A ( ->4j^ J' (Ag + ) <^aa]' <— J' -lie- _ 

A ■ Cljlj jjl JI jlkl ^jj3 


pgjULogjill jdUMuiI 


CO 


JAs (Na 3 AlF 6 ) lJUII (AI 2 O 3 ) ^ t> f U- ^An . n 

950°C J] 2045°C t> ^ ,jJl j^\ a+ o-iaJ (CaF 2 ) j4 ->. jj^' t> 


pjJOAjN\j 1(JA j£ CjlJjjjIa ^!iUI ,>» iajii-4 ^I^IuAj CjJjjjSII yA U-ia. 

S Jl£ ... (CaF 2 - AIF 3 - NaF) 

(Jg jou] tAllstjS ^pali^Jl j) AiiLlaH ^3 <L^.^p ^pal qA. j\ j l^iuX J a ^Jaju 

llJj jj£j ^\j j g . x^Ul l J*^a 



J/’tj 

i^ijUb 

d»A“^ o?* 



_LLSl 

> - 


CO 2 oLtLii 

J^jVI jlc. <JJ^lII 


j@ jjii 


3° <jUaj 




t s* \ /\ 


^jiA* u* 


• " •• • 
c 

^joLjjJV I 


: OUgimJI 

(clnal^JI) 3^ cIjUI jJajuj) 30 SjUc. * j c-Jalil] (J * sia \\ 

3 j-^3^^ 3-* 4 _i±laj 3U; a\I j a vw\ 1 3.^ ^ pl_jj ^jgtfk * 1 utt J (J I jjLSll) (2^ 

(CoialjaJl) 

‘ jW ijjlaJi cA JA^' cr^ (A m'AIIj c±lu£jJI jc. 0 -jUc. (3) 


J) ^ ^jjudllSJl 3 ^ cJ^ AjJaljt.lu.jjV I ^ IjjJ^ j) 


: culkJI QjjbJI OilnlnUI 


rXAAJL-Ai 

r r r r r r 







( yUi J J 


^2^3(s) 


■> 2Al 3+ (aq) + 30 2 (aq) : W 5 oj' j=J' uAj ® 


SA. juo£VI Clj^lc-lij CjAaj j c-jUa^Vt j^J AjIjjjVI AaAa AjlAlt ^±La ^^£11 jLnll JJJ^ ( 2 ) 


# (jj^ju£Vl dlU jjV SAjo£I ^vWj • J ^JjVt ^ 


30 


2 - 


Oxidation 


(aq) 


* ®2( g ) + ^e 


2Al 3+ (aq) + 6e 


.lillij 4_ual_i. 5_aJi3 (ja i_ia_uiij ^ ,jjla Jl jikl 2-l.Ia-j ; J Jjl&j! di 

Reduction 


* 2A1 


(S) 


: JfrliUI 


2Al 3+ (aq) + 30 2 " (aq) 


* 2 ®2(g) + 2A1 (s) 


anode cathode 

jj_jj£ll cjLLal ^a ajc. ^1 ^jjl^juo £V 1 (J-c-liSl S JJLc ♦♦♦ jljxn mb clualjaJI l jUaai fjL 

.CAialjaJl l JJaVi (jSta ^J] b^ jjjj£ll ^b j (Jjl Cliljlc. U j£^ 


2C + 

z ^(s) ^ 2^2(g) 


> CO (g) + C0 2(g) 


: jalimJI nifin 


Cl") 


iLoIa^JjujVI (j^axjl bjUa^ll l$j jbj 4 ^.^ ^ja (Jsl 4x.l.u*a,ll ^9 L& j-ijAa^j ^JJ S jib jj£j 

(j^a (Jib Jblbj m.^all 

c5jl^J 99% 4 jjIIj (j'^\ (J^Udll : Jll4 
** ** 

^lillj l_aa1Ij AAa^llj i^j. w 11 j jj^*a jbaJl 
^ja IjJailj $bj££ll (Jjjufl jail (jjA.aL.ill AiLUi qa (Jib 
4.jVnl ^^£11 (Jalaall Ahjla ^Aklb tillil Alb ,ja. 

(jill 99.95% C5^ C5^ J j^^ll (j^UJll 

biabj^l til^LujVl 4x.lb«a ^9 bbixlLujl jl jj 





( Ag , Au) 




Clt LI j^a^ J[j>l^o 


: oUp^nll 

.^' jp (Cu°) <_4^' > : 4^>] (Jj&l) J*^ai © 

100% <_4^' M^' 4^' | (JjSlill) Ja^l © 

diljjjj£ <j* JL> Jjk^i : (IijIjjjSIVI ©) 


: (UBJI J. oj^bJI OilrlhUI 

♦♦ 

(S0 4 2 d ^j^'j (Cu 2+ ) u2^' Jl frUll J ^Uiil ejUL jjS CjUj ja. (iliili © 

CuSO 


4(aq) 


^ Cu 2+ + SO 2- 

^ (aq) ^ (aq) 


t^Laall 4_ilk 1 V x ^ , ll ^^Uill A^aJI jx. Ajjj Ale. jUJI AjjUaJl JJJ^ ^ @ 

# <lauuail AilLa^ll L-jUa^V 1 j^J djUjjVl AaAj 

* [<--^ .j^Jl c-Jailt] (A 4 Xj^a 11 AjC' 


rXAXAAJ 

r r r r r r 




Oxidation 


. J g (CU 2+ ) ^ 'jJ 1 <jA' <— 1 


2 + 

^ Oxidation v ^ o 

CU(s) » Cu (aq) + 2e 

2 l-lujjjj ill CIjIjjjV (Jl jl ^.1 A-iL&c- * |-— iSLuJ) ulaSllj 1 A Al 

Reduction 


Cu ( 2 aq) + 2e 


■» Cu 


(s) 


99.95% L5^ ^ J AjjlSJl AjJ^I (J>* JU&I • Ajjlg iM 4 <jl 

• SA L_JjI jjudll Lai 

(Zn 2+ ) jjJI Jj-^jjj J j ^ (x^lli) t_jjij : xjasJIj (J) 

CIjIjjjV A-LouIIj IgJI jl^.1 Aj j» x^al $ Jl£ ♦♦♦ A V lg_&]j (Fe 2+ ) ^2' j 


Zn 


(s) 


Fe 


(S) 


Oxidation 


Oxidation 


2 + 

■» Zn (aq) + 2e 
» Fe (aq) + 2e 


C Jlc ... & IS ^ Jl J3 J (j ,jiVl 


-L^LoUJ^ C-JjAj V AjJaillj L jAaII C_lj| jjuj ^2) 
.^Ual I CIAjjjV A^joiJIj I^jAjuo^I Aj jji 


t JJubJUl CUfiJu CUOXbl 

•<jrL>$^' Jja. 99 . 95 % 4ajUj (jaUJ j^Jc. (I) 


CjLaLi. AjJa^Hj L_jAa 1I (JLa A unQ i\l ^jAlx^ll ^jAaxJ ^2^ 







£>\j}\ uUI 



JJC« (Jljli^.1 j SCjuo^I (Jc-lil Cl}|,l^.V ASlJall I^JS ^aAaJjuj AjJ^)^£ Ij^La. 

(*A J3I j^La C *V olS jyx o) .CjjAaJl 

#L5 ^jbk Ajj^)^S A£lJa ^l^duilj dill i^jjSJVI CjU J j^aS lgj3 ^jj Ij^La* 3$C 

jLill] a\xs? ^aII ^^L*Vl j) col jSl) j ^aL<i^.VI j ^^LaVl JjlLa^ (^) 

^Ujji a£j*. JjjL jc. ^j$UI jLiiil 1*4 J&j Jl' ^'jJ' CQ (f) 
ijLl\ CiUjjjSIVI a£j^ jja qc. ^j*£ll JJ' 44 Jiijj Jill CjX^jJI (i) 
b (J aII jl *-^^1 C5^ _3^lj ciAj^jj£JV 1 j ^ y* ^ A-pl^ll cl A ^jjuoaJl [QJ 

(\£ _ ^ _ j^j ^^o) > AjjLl<u^ j^£JI L!>LaJI S^juaSVl O^ic-liS &cjo Cjdaj ^ill l-lL^II 

00 M&) ^1 J ^ jj£V( CLl^Ic-Uj 6Cic- Cj^CS ^cll ^ iWq\I jjc 

♦♦ ** 

.AjjliiaJl L^laJl SCjua^Vt d^lc-lij f>A\c. CljCaJ ^ill L-Jakll 
/ULkjll LpLaJl ^k SCjuoSVI ClL/lolij *Vic. CjdaJj ^ill L-Jaill 
# Ajj\-L<u£j^£Jt LpLaJI (JljlikVI dj^lc-lflj sCjc, C* JiCaC L-jJakll 

.AjjI A laJt U^laJl ^k (Jl jlkVI ClL/lc-lij dJUO CJdaJS ^cll L-Jaill ( ^ % ) 

t Aj\j\^clll L!)LaJI ^k Jl JlkVI d£lc. liS 6 Cjc- Cj^. 1 ^ill b_Jakll ( ^ ) 

I I j # AjiaJl ^.qi^a i\ Jljli^VI J SAjuiSVl i£^& > ^ 

]| ^J^)^£Jl )\_Clli ^jLk jd^a-a ^I.YaCLaAj dill j^)j£Jl CIjIj J j^aS 4, ^C. ^ ^ 


AuL^a jl AjJLc- dulS s-I^juj L-jLlasVl CjC* SCC-L^alAll jl 


jl Aj ijSlJl ^1 j-<Jl (JjS C— LujI Vn i) 


(>0 - ^ - J 3 ! jli^l « *1 jlj S*a) Jji^' C 5 ^ C 5 ^' «- 4 j^' 

l^jljji c—lujI Cii ^j^SJI ^)LiiSI A-u^S aSI^ILoiaII jl Aj j£UI 4 qV^a. ^\1 ^| ^aII a_iaS 

(“W J 9 I jyOJt) ,C^^ 4 ' 

^4 1 ^;V.< l _ n jjl jjj ^Lj^HI a_iaS Aj ijSjJI 4 qV^a. a]| ^| ^aII aJj£ 5{c 

(*V J3I J&; o) 

# ^jLiajS]| Jc.\a11I ^.IjjI Cj\j^^)j£J V I (J c-jLujj^I jl cis ^Ic. S^)CiSI ^cL^ll aJjS p *1^ 

j' -ic-L^j ji (jbji Jl ‘AAsj^! J^=>- 96500 C jj>« u' (^ ^) 

(\ * jlj * *A jlj ^o) .k-jUaiVI aJ lie. e^UI (_>a Axal j^. AjalL# 

(M - t - J3I J^o) t>J' J J^Vb jlnll SAji I-Jj^a J^aU [§] (^ A) 

(\0 - £ - J 3 ! .t> J' 6A2 >. j J jLjJI Sxi eXa. J 1_J J^a J^aU. (> 

jj^aJC. A_Lol^aJl AjSI^aII 4 ]j£J| ^c-L^aj jl Ajlil jl L-UjujjjI A^gJ^UI ^ j £J| jl-flSl A_loS ^ ^ 

(\r jl5 j^o . ><\ jl5 j^lo) .sjUI ^ “Jal j^. Aialla <!& t_ii^ J 4^1 jMJI pIjj^£]I a^ ^c 

(•a J 5 I jiis-Jl <*^ J3I j^) ^4 1.118 mg A^j 5 UI Jj^II a^ (t ^) 

SC^.1 ^11 AjjIjII JJf^l C^.1 J AjCjuj A_lo£ 

(*V J3I j<xo) 







^ a^ 1.118 mg ^3^' (^ ^) 

^ J J uWj^ (Ji l f*3i ^ ‘J^jJ^l Jj^ c^ IF jjj^ ^ (tr) 

.L-A-lasVl A^.1 AiC. S^LaJl A-Lg(^)^. 

\ AjLoiSV jl (jSlllSl AIajLa^J ^}^J 3^ ^glc' 3^ (3^ A^ila A iL&C. ^ Y t ^ 


$ oUoiiaJI OUl> 2 l Jju CM> c^jpyyaJI (yl> 2 M j!>I 

d) 3 L^a^i ^A 1 *jUjjI A^^i. (jC- ^)Lnll Jj^ajJ 3 ^a 1 I [DD| ( ^ ) 

Aj^aLujj ( J ^ Ajjjjj£]| ("^) AjjJj^jfUl A-ijAx^i ( 1 ^ 

^a dilj^^)j£JVl-j A_n*J(j 3 *W jl ^9 a^^^IaII Aj^LoII lIjLajjoi^JI [CO] 

djljill ( CLAjj 3^ (”^) Aj]^ 3I ClAjjjVl (c_j) Aj^> ^11 ClAjjjVl ( 1 ) 

L-jlJasVl Alc« Ajjuj^IaH S^LaII A- 1 aSj 3 ^ A»ia£ AJs^jlII Japlujol jj 

UjS ( •> ) L^' jli (» M UJ^ ( > ) 

^x-aldxil (JllS ^jls ^J( ^Ac* aI^^Ia A nil Jjj£]j 331 ^ S^C- ^9 ^ja A_iaS ^)j^)a Alc« [lj CO 

£A l— buA Vn C-jlia^Vt >Hc» Aj j£ 1 a 1I 

Ia j 91 £j ( ^ ) Ajil 5 L&]| (-^) AjjiJI (s- 3 ) AjjaII 1 a 3 ^cJ ( I ) 

j' J ckji <J) (j^jj jli cjJjj^ll JMk (jlijli ^.Ij jjj* Aic. (e) 

(<n jlj .t-jlLaVl A*i -iic- s^Ull 

kj j=Jl ^al£JI <J^JI ( m ) aj -1 jaJ! Ajjill <i&! ( S ) 

a_l 3 ^)^JI AjsI^aSI a VK \1 l Qi.^i ( ^ Alli£ (“^■) 

cP^' Jclij]l «.Uj (jxUjJI g/atom ^ J^' (^) 

C\A J 5 I jo*) J Cu 2+ . an J+ 2e“ » Cu.^ 


(aq) 


+ 2e 


Cu 


^ 4F(^) 2 F (-?■) J |F(v) 1F(S) 

J_&liiJl ^ — \c- f.\ — u ^j—iLijlVl 0 — « g/atom i .u < — « j^Ul jL_ii]| 4 _l^ (V) 

m jO J<u») Al 3+ (aq) + 3e“ > Al r ^ 


Al. 


2F( J ) 3F(-) lF(u) 2 F ( 3 

t> ^ j'j-' 33^4 ' jia t> Sji / f' (A) 

£ 

(^ J^l j< 1 a) 

fjljS 289500 ( J ) f jljS 1 89000 (-^) ^ 96500 (v) fj 3j£9650(i) 

t> A -y^ ?j>k AICI 3 JjjjK Jjk^l J 2 ^ 2 Li 2 ^Alfj^j3Vl c> 9g 4 - (^) 


(IV jl5 j^x) 


(^0 33 ! 


^ 

3F(J) 5 F (-*) 2F(v) 1 F ( i ) 

Jji^i JJ^ilW |]A 1 f ^ ^ ' <> 1 8 g ' •) 

c 5 j^ j^ ! 


3 F(^) 


2 F(-) 


1FM 


|F(i) 






U? CaCh f -ij jj& (Ca = 40) ^ j**2l£ll j& t> 4g <- O') 

(“W J 5 ! jya*) U jl^Ls c> f 

19300 C ( ■>) 193 C (-?■) 965 C(y) 96500 C ( i ) 

jl J4ajll ^ (Ca = 40) ^jj-uJI^JI j. ^ic . 4_1& 0 ^ ) 

(•Y J 3 ! j^) cSjL-j <»jF£ 48250 

50g(O 10g(-) 20g(-) 40g(i) 

u - ® 0^2 f u^J-*2 4 uj^ grU£^' t> 32.5 g 0 0 

0 • J 3 i jtu a « <\r J 3 ! [Zn=65] U j!jL> 


2F(J) 1FO) { F(m) 0.2 F ( ' ) 


\ jlj J&a) 


(*\ jlj jydja) .aAldjujJ AjJasll A^llaJ ^jA ^ ill ^ ilx ^ £^Ua Ale- ^ ^ t ^ 

,j^ ill (J ^ ^^3 AjJa&]( A^jI^ ( I ) 

_4 i. >>q\ 1 CAljIil (J jU/> ^3 AjJa^l) A^l( 

4 i. 2 ^q\ 1 dll jj-y (J ^ ^3 AjJa^l) ^ja A^jI£ 

^Uoll ClAjJ^)j£ (J ^ ^3 AjJa^l) £ja A^ll ( ^ ) 

jis j**) LfcO^ 3 CP ?Ji (' ®) 

^ajjSJl 4 -LjjiIjJ AI 2 O 3 Jl (S- 1 ) £ <ilj£]l -tkjJjj AI 2 O 3 J' JJ^-I ( ' ) 

.^J^J^' AI 2 O 3 lW 3 -*- 2 (-?■) 

jP Na 3 AlF 6 cA m' 4JI A1 2 0 3 2 ^ j^l JJ^I ( j ) 

(jli (JjjI ^ ill A.„vilj AiC- ill C1 jIjj^)jS ^ja ^jIa J jWa! JJadll Ale. jj ( ^ 

A Ijjl£l! Ale. ^jjoUaII l_Lujjjj dill jjI (J j^jj j Ajuo£Ijj A ^iVl ^Ld d iIjA ( I ) 

^1 juj La £±a^. ^ A ^ A ^lil^ll ^Je. L . u ^ L j AjAaJl c_Jjl jjuo Ajua^Lij 

(Jcrltlb l^lc. ^)4XJj 4 lil^Jl j AjA-JI ^Jajuj A-llaij 4 Jj ^ ^ 


Fe++ (aq) + 2e ‘ 

Zn^ ^ 


" » Fe (s) M 

Zn ++ (aq) + 2e _ ( - 1 ) 


Zn++ (aq) + 2e ‘ 


Fe, 


Fe 


(aq) 


■> Zn (s) ( I ) 
+ 2e“ (^) 


: ^jL UJ Jlc 

_4 j\j\«v*i\l L^Lkll c-jlLuJI L. iWq\I ja a ijjISIIj l. i^ j-aII jA a ^ iVl ) 

_<1a jJl lllU^ ^3 ^Lj^lL ^^Ual) A_iaA) 

^ ^a 4-a±laJ L- llj^all ^a A^. j u^aH Cl)l^)Lijudll ^jJaJU ^.^Ua 5{C 

AjJa^l) jl L_lAASl jl ^j^)£JLj 4 ^jALxjaIIj CljLla^L^Jlj jj ^ (JliA A-i^j^all CIjI^aVI (jiaJLJ $.^Ua 5{C 

^ j)Jxjj!c.La 1] A^ljaJl AAsI^aII aJjSII LaAu iA_il AlljS c^jLoA Aj^ljaJl Aj31^a]| aJj£JI 

_A.il j^l) AliiiS c. L^al c5jLol5 

♦♦ 

dill Jlj4l£ll j i ^ (j-a JS ^5Lai (_j-a Ja _jli-a (^) 

(>1 J 5 ! jyaa) L lLU i S jJI (j^ c>a5Uduil Aic. jUui JjUl (>» JJ3 ^Jc. (J jla-2 1 

AjjjKII JjjI ^\c. ^jldi ^1 AjjUII <jr?J$^l J2^2J JJ^I jlc- J j >■ "»"> I I CO (®) 

.Ajlu) 14 ^aJI SjLjI JjSj AJJadl l <JiJI (“\) 






99% Ajjli o-laJll a2Lu 4^-1 (V) 

Joksll J jla Ajiii Adli. J ^ L_ul jja£ oJl jaII AjJoAIIj t_lAiil dllji ,^<n V (A) 

•<jrL>$^' dd^alb jia Ajijj AjLk ^2 ^jiil£]l ^ Aa^aJlj jU J1 CjI jj> i_U* jli V (^) 


: ctaguo JjUuuo 



(jb LaIc. (II) -^=2' Ajj^ l>* 26 Fe ^P=2' 2.8g a j2a Ajjj^I Aja£ i_Aui=J (3) 

(^o j 5 ! J* o) Fe2+ (aq) + 2e “ > Fe° (s) : j* <>2j 

(9650 C) 


(III) Ajj^ (j-* 26 Fe L>* 5.6g Aa j!iSl Ajjj$£JI Aja£ i-luiiJ (Y) 

0 u J 3 I ^¥iq) Fe 3+ (aq) + 2e _ > Fe° (s) Jc-Uj jj£j Ubc. 

(29053.76 C) 


Jd^iJb 3175g (JT^- d j » ^N AAjMJl AjaS ^u . a I [fjj (r) 
(Cu=63.5) .^22' (ja (j*aasa) jjji f hjbu Aj (II) (j-Ubll 


Cu 


(aq) 


+ 2e’ 


Cu° (s) : j* d&^ u4 ^ 


(9650000 C) 


HI d a Ja (_ja I J ,2 g (jA^aal Aa^^UI — sjbLa — jLiill Aia£ L_bA^I (£ ) 

Or J 3 1 [Fe = 55.86] I Fe 3+ (aq) + 3e” > Fe 0 ^ : A^ d^ u4 ^ ‘ 

(58045. lie) » J M M 


p e ° ; J jjllll Jc-lii jL Laic, t 

(s) 


e^il] grL>6^' lie- jlc- (JA T.12L Aa jMJl ^»j]ji]lj Aajj^£1I Aja£ LAiia.1 (0) 

(.<\ j 3 | ji.N j-i i) : ja lie- cjjUJI JcUj]I ji CjaIc lil 


2H 2 0 (( ,) + 2e 


H 2( g ) +20H (aq) 


(9650 C) 


£^Ual( 4 , JaP 21.6§ L—Loi^.1 

(•n jis jtL o) [Ag = 108] Ag% x + e~ > Ag° (s) ^ ‘ 


(0.02 F) 

g.1 SS\ J AuIaC. 

( 4 V (J 3 1 (jl^^-tuJI) [Ag = 108] 


Jo AjJaiSl 10. 8g L . .Ujuj jJ L-Lua^.1 (V) 

Ag + , aa x + e“ > Ag r x : ^ d=-^' ‘ 


(0.1 F) 


; ^ jlilSJI -ilc- (JoliJI ^.iL (jjoLaall g/atOHI 4 -^jujjJ Lg 


(*V jIj jOj o) 


Cu 2+ (aq) + 2e 


Cu 






(2 F) 


^ g/atom fj^' ^ £Q (^) 

[A1 = 27] [AI 2 O 3 ] 

(3 F) 


£^Uol( A-lLoC. AS^^jI ^JajuJ ^Jc. A 10§ c . AAe L. IjuJ-^.1 [_J ^ 

[Ag = 108] .*WjA 

(0.093 F) 


^Lj^L £^Uall A AaC, A^jlSJl AJC. A 130g L. IjjuJ jj] AAe L-Lud^l |JJ 0 

(1.2 F) [Ag = 108] 



^ j hour 20A ^ j jjj^ ^ ^ 5-^ ji2l jUJI 51& <_ 

(w jt$ ^ 10 ) (Zn = 65) Jji^ 

(6.06 g) 


0 0 


‘-Ao^ Jji^ cs^ i hour 10 A aj-i^ j' j*] l>* , ^f u) i-j^.! (^ V) 


0 * Jsl jIA3-oJI c AA jIj j&a) 

(5.92 g) Lj 


[Cu = 63.5] (II) o^\ 


Cj \ jin J ^ 1 hour sjuI 2A jLii jl Ajjaill 4 J 1 & l_ 


0‘) 


[Ag = 108] 


Ag 


(aq) 


+ e 


Ag • ^ (Jelij (jlj Lole AjJa^l 


(8.05g) 


AjAjuJ cl>^ (II) Clsll 4Jj£ L. Uti^t |j| ^ 

. ja jjiilSJI Jc.Uj jL LJc. 45min sa*] (II) <j2^jJI -ijjjK Jji^s g4 2.5A 

[Cu = 63.5] Cu 2+ (aq) + 2e“ > Cu (s) 

(2.22 g) 


(aq) 


+ 2e" 


Cu, 


1 e^a] A ■ lai CljljJij J ij-la^a 10A AjAjj jLii j1j_aI Aic. 5 _Lujj1a11 A . ^a\l 4 _Jj£ t u„^l 00 


(♦r Js! ^ia) 


(20.15 g) 


t> u±? hour 
[Ag = 108] 4 ij5l£l! Jclii aLI** (_aSS1 


9650 C £JI 4-LaS A y ll 1 A^jtSJl Ale. AJliS L-jjuq^l C3 

[Ca = 40] <» jal 21£JI j jg 

(2 g) 





t>j ‘4j2l fJ^jJ^I 4Pjj CS^J^' 24^9 (' A.) 

(*r jis >»-) [I = 127, H = 1] 5 A <^j^' j92' j9^' jjj* 

(0.093 g - 1 1 .845 g) ^L-aUI AjJI ^ ( ! ) 

# C-jliaaV( Ale. ^jll Cl)!ilc-lillSl L-Jj£l (c-j) 


t>4' ejL VUL&- 


44^ c4 10A C5^J^ jLjj jjj* ^ jia i> 9g L>ji' 0 ^) 


J 5 I j^o) 

(9650 s) 


.J> Jjl£il .lie. (Jc-Liillj ~~L A1 J ClLalc. I jj ^ jjia jlS -XjjulSj (_£ jlaJj 


Al 


(aq) 


+ 3e 


Al, 


jjj^ ^ (II) cAsall c> c> 2.96g j2 f _P^' t> jl' u *^ ' (^ * ) 

(*V ol3 oli3-JI) [Cu = 63.5] U0A^^<jrL>^ 

(900 s) 

i siJ4 4 J4 jjj* ^ (II) cA*2' i> (j-Uill t> 3. 175g f jh ^ (^ ' ) 

(*n j 5 ! j**) [Cu = 63.5] ? 10A 

(16.08 min) 


(\ • jlj j*±a) 

(7 min) 

[Ag=108] 

(32.6 min) 


10A jLi^ Jj^U 


: iJi ^ <a jli a&L ^ CQ (X t) 

25 A ^ J* c> 10500C ( 5 ) 

‘-j! jjjj JjI^j l>* 21. 9g jt (m) 


18g t>jJ' ‘t^ 1 ‘ f j jg * ^ c^J^I 24^9 f ( Y ?) 

A Jjlill Ale. (Jc-lij (jLj L&le. 20 A 4 ^Ajuj ^)Lll ^ Ale. ^a jdAa ^iVl L)^ 

[Al = 27] Al 3+ (aq) + 3e » Al r ^ 


Al, 


(9650 s) 


jLlil OJl Z) L-)L ux£?- 


SaJ <j44jj^] 2_4*-* 2^- o* 0.18 F jjj 2 j5UI jLjjII 'iA_Ji <— lj ui a. 1 (T i) 

(*• ji5 0.5 hour 

(9.65 A) 

(Jj)l*s .a (_]5^ 3.7 F I&jl-iLa U^ 5 lP' ^ ?>3 al' i— Lui^.1 (^Y 

(«a J 3 l jo*) 40 min ojaa t>j 


I_±u^l tiiJiJl 5.6 g 1-rJ^JJ II 4 jjjK jjj^lu! SaJ jUj jIj^I ^jc. (t 3) 

(<w ybj^i) [Fe = 56] iJAd\ SjUll jUJI sa^ 


4^islu ajbsoi 







c ^ VK d±jl£ Icli 4 4min Sjjal cijljlij <J ^a 7 A ajAjoi jLii (Y V) 

AjalSJl aI&II I_lu^l 4 13.88g JA' JJJ* *-> 12g ynfjA' J A' JJJ^ cA 

(*i jlj ^yxo) .J^ai* Jl A' jaJl 

(108 g) 


ij^ti ahsui 


v^-A M 2+ ^ A gjjA JA-* A 74.6 s ^ 2 . 5 A ^ j «■£ J-p jjj-* (^ A>) 

]V[ A A' <1&II i_Luii.l t M t>« 0. 1086 g 


C&I 3 -U 2> JlP l_jLu^- 


^ jjia jl^l A 3 l — 'V J^s 1 . 1 4 f jjia jl^ -IfmSi (JjlaJillj ^ jjia j\^\ A 3 rcjjj (Y ^) 

: ^ Jjiil£]l <Jc.li5 Jh Uk. 4 5min 9.65A jA jjj^ i> *AAI 

(.^ J 9 i j*») [A1 = 27] Al 3+ (aq) + 3e~ > Al,^ 


(•^ J3I j£U 1) 

(0.01 mol) 


Al, 



Aj^juo A-P A^A ■^ c " 6 “La. j JaauJall J^*-a ^^3 *i(-.' ■ '-‘‘bti j jl^ll jlc- aAA L-Ua^l (Y* * ) 

[Cl = 35.45] ^ J 10A 

0) j 9 f ob>«Ji) JA^ <-A^' A^ *A 0.5 hour ( ' ) 

(*v j 5 i jo*) .f ~jjP. -^jA J ijla-4 JA^' A 4 ^ Ajji 20 min (<->) 

(2.089L - 1.39L) I M Jr M M 


(SbljUJ (jliJI o^jlaJI 


AjjujjIaSI ^Uall A VK dijl£a Ik 6^1 j A-iaS Cl (V* ^ ) 

AA' A^' A u jj '- = ^' uA Aj A 'A ‘ 0.16g A^' A^' Aj 0.08g AA' <A=^' 

(Cu + ) .A 3 ^' ^A=4' A c> i '- a ^' >j ‘ (Cu ++ ) 

4 (ii) <_Aaa]i ciiijjj^ ^ AA' ‘ A' A' A 11 JA^ A^ f 3 A Y ) 

C ijjIS A4jujj1a 1I ^Uall A-iaS dulS lili 4 (III) J AajUIIj 

• cjajll A A=2' A l -r bj A A' f jA' ^ ^2 0. 125 mol AA' 

(0.083 mol) 


ip^JLLo Cl) L) 


A a -p^‘ j' j^k 100cm 2 ch^4' l>« A^- 4)A fll (^^) 

Ajjjll aJl£1\ jL Laic. ^ ( Waa A^.^1 ?.5Uall) (III) 4 _iaLII iA^ 4 <J. A A (A 0.5F 

13.2 g/cm 3 j 196.98 

(\€ j 9 i j&a) .A A^' 4 ^' AA ( ' ) 













(2.48 cm 3 ) 
(0.0248 cm) 

(M J3I o) 


AlfL ciLujJ L-lJUA^.1 (4-j) 
(Jc-lia L. ii£l 


l_L^aj eJul 2A j' AjJ^ JjU'il l AjLiC- gJ [jjj] (? *) 

(M J 5 ! jli^JI) 

j J KH 4_i A Jj£Jl jL Lalc.sjl^iJl 4^. JaxjJall ^3 Jc-L^alLoll j j£]| jlc. ^ (— Ua^l ( I ) 

(0.417L) 35.45 

J jAM l a_iLc. ^*j J I j KJ ij-a 10cm 3 s jjL*-^ 0.2M (HC1) <j (j-» 20cm 3 ? j2 bl (v) 

_jj] 1. J (j^ '4' UJ^4' f gA ^ ‘ grL>£^' 

(8g) [Na=23 , 0=16 , H=l] 


. £ £ 


t> 1.04g 4 ^ jj <»jj^' A*-*^' ^a.1 16min 6 A jUj J j* I ^ (1* ©) 

[Cr=52 , 0=16] .4 j^' Ac. 

(CrzOz) .f JJ^' A 1 -*^' A -*-±^ -Aj' ( ' ) 

(0.478g - 0.334L) .grb>6^' J^=^' t> <*?A9 ^ (i-j) 


^ C_buJ^)jj ■ 

[Ag=108] 

(0.011 M) 




CjI jSj J 0.25L g4 2.3min 2A 41^4 ^j$£ JA jlj^l ^ (1*1) 

(J *W ^3 4 cIAj 

/ -J JikMl ^LiLoC. $.1 \^.l Jj 3 Cl)l jlnj (J aU^ \j£ jj ( Lui^.1 


♦ (JJO J£> pljAXuil 9I OJUQlbl j^ll 


.^.Ljj^JIj *5Ua3l (T) 

AAUO^U*) 


0 ♦ J 3 I c -V 613 jl^ 3 -«JI < 4< \ 61S j^o) 

0 ° 

*♦ 

£ 

(*A J3I jyCL o) 


r>r .^^£110^1(1) 

O M'U ii'U'i (n 

/ ******* V / 

(Ca , Na , Al) AAjjla <^5 U .LjLa (e) 

jUajjlill (JjlflJI (1) 

^joJI (3^ (^) 


.^LkiJlb5U]l(r) (.nj 3 1^) 

.(/bl jlil^tai uA^I (0 

(\ ♦ J3I jl^3-aJI < 4< \ jlj jOj o) 

(V) 

.^J^l JakjU^Ulloj^llO) 


% 00 ^g^boJI to 

b^LiJt (1) 
,2L«I jaJI Ajil£4l a!£]I (r) 
.^bl jli] JjVl uA 1 ^' (®) 

.j^Vi (i) 
.<^bl jlill (A) 
•CS^J^' «-5Ua]l (1 ♦ ) 






: ocgJuuo oUwl 

Jill JJC- jla AjIu J £JJJ <^l ililjlaaJI £ (^ ) 

& & 

( N 0 — ^ — (J3 1 J^Q < \i ^jyxj c <\A J3I jySJz) 

J « ■ ^ ^ ^ L_ul^judll 4 j, ia jj ij^Ai L ° fijJaj t<— Ll! ^jjadll £ya Ana j ^lt (_£ jja_J 99% ^ ° ^31 jA ^ j]| [fZQj 

99.95 % 43. i jli o-Ui Je 



( ul^JUJ Jc- 0“^al' AILuJ (Ja ^aSL^Jl L_J&a 1I ^le. J All£^aJ L *<n^ [DD| 
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